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ON THE RIGHT ASCENSIONS 



EQUATORIAL FUNDAMENTAL STARS 



THE CORRECTIONS NECKSSARV TO REDUCE TUE RTCHT ASCENSIONS 01' 

DIFFERENT STAR-CATALOGUES TO A MKAN 

HOMOGENEOUS SYSTEM. 



INTEODUCTIOK. 

Witliin tlie past few years very important additions have been made to tlio mate- 
rial at our disposal for an accurate determination of the positions and proper motions 
of the fundamental stars. These comprise Dr. Auwers' reduction of Bradley's observa- 
tions, the Pulkowa catalogrxe of 1845, and the continuation of tlie Greenwich and 
Washington observations. It is not too much to say that this additional material alone 
would suffice to fumish re8^llts fai' more accurate than any tliat could be obtained from 
the older data. 

The object of the present work is to do for the right fiscensions of the equatorial 
and zodiacal stars, on which the reductions of Imiar and planetary obsei'vations depend, 
what has been done by Dr. Auwers for the declinations, namely, to fumish tlie data 
necessary to reduce the principal origmal catalogues of stars to a homogeneous system 
by fi-'eeing them of their systematic differences. I think this can best be done by com- 
paring the catalogue-positions of the fundamental stars with a miifoiin set of standard 
positions as fi-ee as possible from systematic error, and to consider any systematic dis- 
cordance between the standard and tlie catalogue position as due to en-or of tlie latter, 
and correct it accordingly. For the reason ah'eady mentioned, it will not be admissible 
to take any existing catalogue as the standard. The fii'st step of our work is, therefore, 
the prepai'ation of a system of right ascensions of fundamental stars which shall be as 
fi"ee as possible from tiie suspicion of systematic error. 

In the foi-mation of such a catalogue I have been guided by cei-t^ain considerations 
respecting the probable presence of systematic errors in the reduced right ascensions 
of many modem catalogTies. It lias long been the custom, in the reduction of right- 
ascension observations, to deduce a correction of the clock from adopted right ascen- 
sions of stars, and to consider the mean con-ection thus deduced as applicable to all the 
stai-s observed, the clock-stars Included. On this system it is clear tliat if the assumed 
positions of all tlie dock-stai^ nsed on any one night are affected by a connnon oiTor, 
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6 RTGtIT ASCENSIONS OE FnNDAMENTAL STARS. 

tliat same error will be caiTiecl into the coiicludecT positions, '.riius any periodic eiTor 
depending- on the right ascension ivill tend to perpetuate jti^elf. In a former ]ia.per T 
showed tlmt if the clock-stare o'bsei'ved on each night ai-e distiibuted miifonnly (tvcr a 
jieriod of six lioTirs, and if tlie assumed positions are affected ivith the eiTor — 

a sin H. /V. + h cos II. A. + a' sin 2 K. A, + V coi^ 2 M A. 
tlio i'niK'hide<l positions will be affected with the error— 

-\ (a sin K.. .\. + /' ^■'-'« K- A.) + 4^ (a' sin 2 \{. A. + // ,;os 2 \l A.) 

Hence the eiTor of single period will be cut down very ,slow!y by successive rexislons 
of the eatalof^ie, each reTisioii reducing it by less than one-liftli. ("tn IIk* <ilher hand, 
the error of double period i\dll rapidly disappeai'. 

The iiiti-oduetion of these peiiodic eiToi-s is very eas}', G\*ei) whei'e the greatest 
care is taken in the reductions, oiving to the diurnal variation of the conditions to 
wliich the instiinueut, the clock, and the observer are subjected. If the pointing of 
the instrument, the rate of the clock, or the personal equation of the observer vaiy 
duriug the tii-enty-four hours, the rig-Iit a.^censious deduced ■will be affected by a cor- 
responding error. It is tiiie that if the variation continues uniform during an entire 
year, and if tlio observations are imilbmdy distributed throughout the year, tliis eiTor 
ivill be eliminated &'om a year's work. But neither of these conditions is completely 
fixlfilled, the dimiial change of temperature being greater in summer than in ivinter, 
while the annual period in the length of the nig'ht and the degree of cloudiness interferes 
with the <'onthmit\- i.f tlie s>-stcni of observation. 



DETEEMINATION OF A SYSTEM OP COliEECTIOSS TO THE RELATIVE EIGHT 
ASCENSIONS OE BESSEL'S TABUL^j REGIOMONTANJi;, PKBSUMED TO BE 
FREE FEOM PEEIODIC EEEOES. 

For the reasons already mentioned, it seems best to deduce the periodic error of 
the standard catalogiie solely from determinations wliich are entirely independent of 
any previous hypothesis respecting the right ascensions of clock-stai's, and from those 
in which there is reason to believe tliat the periodic en-or has been entirel}'- eliminated. 
I have selected tlte following twelve original catalogues as certaiidy or })rol.)a1dy fulfill- 
ing' one of these conditions ; 

1. Amvcra^ Bradley, 1755. — Dr. Auwers has very kindly placed his definiti-\-e 
results for relative right ascensions, wliich are as yet unpublished, at my disposal. 

2. 'Pia^zl, 1800. — "Praeclpuamm stellarum ineiTantiuni positiones medife ineunte 
saeculo XIX. Panomii, 1814." 

3. Masl;clync, 1805,— Catalogue found in Maskelyne's Astronomical Observations 
made at the Itoyal Observatory, Grreenwicli, from 1799 to 1810, p. 112 of part 2. 

4. Aimers^ C'«cc(fl/om—" Reduction der Beobachtungen der Fimdamentalstenie 
am Passa^geuiustrument der Stemwai-te zu Palermo in den Jahren 1803 bis 1805, und 
Bestimmung der mitileren Rectascensionen fur 1805. Von Arthur Auwor.s. Publica- 
tion der a*!tronomischen Gesellscliaft, V. Leipzig, 1866." 



Hosted by 



Google 



DETKRMINATION (ir A SYSTEM OV rORRECTIUNS. 7 

5. l)(:ii.-,f'l I.— "J)t!stiiniiuiny' tltU' geradeii Aufeteigiuigeii der. 36 JMaskelyueschou 
FmidamButiil-iStenic fiir 1815, nuf Konigsbero-Pv Bfiobaclitnii^'eii ^■egTimdet." Berliu 
Memoirs for 1818-19, p. 19 of part 2. 

6. JBcssd II. — "Neue Untei'siiclimigL-ii iilior (He geradtm Anfstfiif;'un^'eii iIlt 36 
Finidnmental'Stenie." Berlin Memoirs for 1825, p. 23 of part' 2. 

7. ,S7rw/Y'.— Catalogue fonnd in "Positiones medice," p. xxxxi. 

8. 'DriuUn/. — Oatalogiie fomidiii tlie Afitronomisclie Naclmcliten, Baud IV, S. 102. 

9. Arffflandcr. ('■arircfions ff'ivpn hij Bessel m Astrommi'iclie JSfachrickten, Ko. 5 1 5. — 
Tliese differ from tlio positions in Argolander'a "DLX. Stellarum fixanun positioncs 
medije" only in tho addition of tlio third decimal of seconds. 

10. Piilkoiva, 1845.— "Observations de Poidkova, piibliees par Otto .Strnve, Direc- 
teiu- de l'ob.servatoii-e central Kicolas. Saint-Pi'tersboiirg--, 1869." Vol. I, p. 120. 

Ti. Oreenwkh, 1864. — "New seven-year catalogue of 2760 stai's dediaced from 
obseiTatioDH extending from 1861 to 1867 at the Royal Obsei-vatory, Greenwich, and 
reduced to the epoch 1864." (Appendix II txi the Gi'eenwich obsei-vations for 1868.) 

12. Wash'mgtm, 1 870. — " Positions of fundamental stars deduced from observations 
made at the United States Naval Observatoiy between the yeai-s 1862 and 1867." 
(Wasliingtoii observations for 1867, Appendix III.) 

On this selection I remark that I find no positive e^-idenee that tlie catalognefj of 
Piazzi and Brinkley are really indepen^leut of any previous deteniiination, and that I 
have judged them to be ko l)eca.vise the modem system of reduction had not then come 
into geiieral use, Argelaudei', Green^^'ich, and Wasliiugton ai'e not rigorously inde- 
pendent, but they are included, because, in the case of each, there is reason to belie\-e 
that the systematic en-ors have been more or less completely eliminated. '"I'lie follow- 
ing ai'e the reasons in the case of each cata.logixe: 

An examination of ArgelanderV obser\-atious «hows that they were generally 
widely distiibuted throughout the twenty-four hours, his haibit being to observe both 
niomiug and evening. Fi'om siicli a day's work the cirnr of single ])eri)Hl will br 
almoHt entirely elimiiiated. 

Tlie Memoirs of the Royal Astfonomical Society, vul. 34, coiituiu a paper by Mr. 
Stone, in which the stars y Feg'asi, Pollux, Spica, and a. AquiliB are compared, with the 
express pmpose of detecting- any inequality depending on the light ascension, The 
result is that tlie relative positions of these stars, as given in the seven-year catalogue 
for i860, require the following cori-ectioua; 

y Pegasi — l'ohu.\, — .001 in ■— ,014 

Pollux — Spica, +.029 or -^-.015 

Spica — - oc Aqiiila;, + .008 or — .005 

a Aquihe — 3' Pogasi, +.oi8 or +.004 

The tirrit column shows the difFerences independently deduced; tho second ihcir 

values when each is diminished by a constant so as to make theu' sum zero. 

The smallness of this result indicates that the periodic eiTOi', if it exists at aU, must 
be very small, and it ought to be smaller still. in the catalogue of 1864, which includes 
still another revision. 
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8 RICIIT ASCENSIONS OF fUNDAMENTAI. STARS. 

In the csxse of Wa8lung;ton a special effort was made t(j determine the jicriodic 
eiTor of Dr. Gould's ri^lit ascensions; which was of the foi-m — 

a Kill R. A. +?* cos R. A, 
the detallw of whicli ure yivcu in the catalogixo cited. The deteiiuination was entirely 
satisfactory except m. one point — a large diurmil inequality showed itself durmg the 
second year. This inequality had to "be deteimined on the supposition tliat it remained 
constant throughout .tlie year, an hypothesis, wliich, though probable, was not certain. 

Having selected our data, the next question will be the mode of combining. It 
waa ujy original intention to compare each catalogue with Dr. Gould's standard, aud 
tluTH obtain ii correetion to the hitter of tlic ftivm — 

<{ will a -\-h cos oi-\- r 

A series of values of a, h, and c being thus found for tlie epochs of the various 
catalogues, the tme values of these quantities should increase unifoi-mly with the time. 
We should then determine a^, a' , h^, h', c^, c', from the equations — 

h^ + h't — h 

of whicli we «lioi.ihl have as many sets as there were catalogues compared. Having 
found the most probable values of «□, a', etc., tlie residuals left after substituting them 
in the equations given by each catalogue would show the systematic eiTor of that cat- 
alogue. 

But it has beei\ deemed beat to begin by determining each star independently of 
any catalogue whatever, aiid of any assumed proper motion. This is done most easily 
and elegantly by assigiung the same weight to all the stai-s in any one catalogue ; this 
weight being determined not by -tlie general accm-acy of the catalogue, but solely by 
its probable freedom from systematic errors. It will then be umiecessary to apply any 
reduction on account of equinox in this preliminaiy deteiToiuation, because, if all the 
right ascensions of any one catalogue be changed by a constant, that change will aifect 
all the concluded positions by the same amount, and tlierefore will not change the rel- 
ative positions at all. 

From tlie nature of the case, it is cletii-ly impossible to make any numerical calcu- 
lation of the relative weights to be assigned to the different deteiminations. This is 
necessarily a matter of indi^ddual judgment. Without going into the consideration of 
efich pai-ticulai" case, I may remark that the following weights assigned were founded 
on considerations respeothig tlie probable freedom of the instiiunents ifrom som-ces of 
systematic eiTor and tlie cai'e witli wMch systematic eiTor was avoided in tlie observa- 
tions and reductions, probable accidental eiTOi's not being taken into accomit, aiad tliat 
they were decided on before any comparison of results. They have, therefore, nq 
necessaay analogy with the weights to be assigned in a definitive discussion, after S}'s- 
tematic eiTor has been allowed for. 
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DETERMINATION OF A SYSTEM OF CORRECTIONS. 
Weights assigrieil to observations. 



Auwers' Bradley 

Maskelj-ne . . . 
Auwers' Caccioto 
Bessel I . . . . 
Bessel II ... . 

Struve 

Briiikle)' , . . . 
Argelander . . . 
Piilkowa . . . . 
Greenwich . . . 
Washington . . . 



Year. 


Weight. 


1755 




1800 




1805 




1805 




i8iS 




1823 




18.4 




1824 




1823 




1845 


G 


1864 


2 


1870 


3 



The dates Iiere given to the catalogues ave generally supposed to be about the 
means of the times of observation on which they depend. The principal exceptions 
are Brinkley and Washington. The mean date of tlie former conld not be inferred 
with certainty, but must be earlier than 1824. The date assigned for tli-e latter is, 
through inadvertence, that to which the catalogue was reduced, which is five years 
later than the actual mean of the times of observation. The reduction to the epoch 
was, however, made with Dr. Gould's proper motions, which are so near the truth that 
few or none of the residts are altered the thousandth of a second by this error. I have, 
therefore, not corrected it. 

The results are all exliibited in the form of con-ections to the mean positions and 
annual variations of the Tabiilse Eegiomontanae for the sate of convenience, and the 
principal steps of the computation aye exhibited in the following tables. The first 
column in each table shows t]ie coirection to the right ascension of the Tabula Regio- 
montana given by the catalogue. Following one star tin-ough the several catalogues, 
we have a series of con-ections applicable at the various epochs. The true correction 
being of the form x-^-yt, each catalogue result gives an equation of condition between 
X and y. As an epoch near the mean leads to the most convenient computations, I 
have chosen the year 1820 as the origin of time. Let us now represent by — 



the corrections given by the several catalogues, tlie subscript numbers being the same 
as those of the catalogues to which they coiTespond in the preceding list. Taking the 
centuiy as the unit of time, the eqxtations of condition \Yill then be— 



Cj 



X — 0.65 y 

a' — 0.20 ij ■=. c'a 

x — oASy — C., 

etc., etc., etc. 
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10 RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

Tlie solution of these equations by least squares, using the weights in tlie preceding 
list, will give the following values of x and y: 



+ 0.17 c, 


y— —0.78 c. 


+ 0.04 Ca 


— o.io rg 


+ 0.04 e^ 


— 0.08 C-i 


+ 0.04 C4 


— 0.08 c^ 


+ 0.04 C5 


— 0.03 Cfl 


+ 0.1 1 Cfi 


— 0.04 Ce 


+ o.iir. 


— 0.03 C, 


+ 0.03 e^ 


— 0,01 Cg 


+ 0.08 e„ 


-f- O.OI C9 


4-0.19 Cjo 


+ 0.40 CiB 


+ 0.06 f^H 


+ 0,27 C,i 


-j- 0.09 012 


+ 0.47 Ci3 



No account is here talten of tlie discordant equinoxes of the various catalogues, 
because, all the stars in the same catalogue having the same weight, a change of 
equinox will not change the relative positions of the stars. 

In tlie selection of stai-s, attention has been at first confined to the Mastelyne 
fahdamental stars between the limits of decHnation -f- 40° and — 30°. Several stai's 
have to he omitted, namely, Procyon and Sirius, on account of the irregularity of 
their proper motions which has been so exhaustively investigated by Auwers that no 
fiulher discussion of their positions is yet necessary ; Castor, on account of its duplic- 
ity, and the confusion of the observations upon it, wliich render it unfit for use as a 
standard star ; fi Yirginis, a' Librae, and o^ Capricorni, because tliey have of late 
dropped out of use. 

Under each catalogue, in the following table, we have, in column c, the coiTectiou 
to the Tabulse RegiomontanEe given by the catalogue, from which the values of z and 
y are deduced by tlie preceding formulae. 

The value of the correction <£ -\-ty'v& next cQmputed for the epoch of each cata- 
logue, and subtracted from the con-ection given by observation. The excess of the 
oatalogne result thus obtained is given in tlie second colmnn of the table. To correct 
the residuals for' discordance of equinoxes, the mean value of the numbers in this 
column is taken, and subtracted from the individual numbers. The remainders repre- 
sent the discordances between tlie catalogue and the ooiTection as finally deduced. 
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DETERMINATION OF A SYSTEM OF CORRECTIONS, 



Correclimts io right ascensions p,ven l?y standard catalogues. 







Bradley, 1755 








Piar/A. 1800. 




Slar. 
















'. 


^' 




. 




,," 


y Pegasi .... 


+ 65 





- 


31 


- 54 


- 65 


+ 18 


a Arietis . 








- 56 


-h 40 


+ 


9 


- 168 


- 144 


- 61 


" Ceti'. . 








+ 33 


+ 64 


+ 


33 


- ;6 


- 86 


- 3 


a Tauri . 








- 12 


+ 51 


+ 


20 


- 194 


- 172 


- 8g 


Q Orion is. 








+ 40 


+ 33 


+ 


2 


- 54 


" 36 


+ 47 


^ Tauri . 








+ 153 


+ 31 







- 53 


~ 100 


- 17 


a. Orionis, 








+ 30 


+ 23 


_ 


9 


- 1 


- 13 


+ 70 


/3 Geminorui 








- 102 


+ 41 


+ 


10 


- 173 


- 133 


- 50 


a Hydra; . 








- 139 


+ 28 


- 


3 


- 118 


- So 


-I- 3 


o. Leonis . 








- 106 


+ 43 


+ 


12 


- 170 


- 121 . 


- 33 


^ Leonis . 








- 76 


+ 34 


-\- 


3 


- 85 


- 63 


+ 19 


a Virginis 








- 42 


+ 28 


- 


3 


■ - S6 


- 54 


+ 29 


a Boods . 








- 36 


+ 3y 


+ 


8 


- 164 


- 143 


- 60 


a' Libne . 








+ igo 


+ 23 


- 


8 


H- 30 


- 33 


+ 50 


a Coronas 








- 66 


+ 37 


-h 


6 


- 240 


- ^°S 


- 125 


« Serpentis 








+ 122 


+ 33 


+ 




- 56 


- 36 


- 3 


n Scorpii. 








+ 84 


+ 4 


- 




+ 122 


+ 98 


+ 181 


a Hecculis 








- I*- 


+ 40 


+ 




- 22s 


— -202 


- 119 


Q. OphiuchL 








-16. 


+ 44 


+ 


,3 


- 161 




- 33 


a Lyra; . 








- 30 


+ 28 


- 




- 127 


- J08 


- 25 


y Aqulla,. 








+ 163 


+ ag 


- 




- 35 


- 85 


- 2 


a Aq.,il^. 








- 12 


+ 18 


- 


13 


- 50 


- 37 


+ 46 


^ Aquil^. 








+ I4t 


+ 26 


- 




- 67 


- 89 


- 6 


=» Capiicorni 








~ 17 


+ 7 


- 


24 


- 20 


+ I 


+ 84 


a Aquadi. 








- 1J5 


+ 16 


~ 


15 


- 74 


- 32 


+ 61 


a Pegasi. 








+ 7 


+ 29 


- 




- 100 


- 93 


_ g 


(I Andromed:E 






- 73 


+ 4S 


+ 


14 


- 187 


- 159 


- 76 
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RIGHT ASCENSIONS OF FUNDAMENTAL STARS, 
CoiTections to right ascensions, c^f. — Continued. 





Maslcelyne, j8og 




Aui 


ers' Cacciolorc. 1 


Star. 












..= 


..■ 


^3" 


.4 


ci 


»" 


y Pegasi .... 


- 148 


- 152 


- 24 


4- 56 


+ 52 


+ 29 


a Arielis . 






- 148 


- 133 


~ 5 


- 23 


■ - S 


- 31 


a Cell. . 






- 328 


~ 243 


- "5 


+ 27 


+ 12 


- " 


o Taiiri . 








- 94 


+ 34 


+ 14 


4- 31 


+ 8 


/3 Orionis. 






- 139 


- 150 


- 31 


4- 61 


4- 41 


+ 18 


^ Tauri . 






- "^ 


- ^01 


+ 27 


-h 110 


4- ..71 


+ 48 


a Orionis. 






- 123 


- 129 


- I 


4- iia 


+ 106 


4- 83 


(3 Geminoruit 






- 189 


- i6( 


" 33 


+ 65 


+ 93 


+ 70 


a, Hydrie . 






- 133 


- 106 


H- 22 


■f 2B 


-1- 55 


4- 32 


a Leonis . 






- 173 


-- 136 


_ 8 


■f 25 


+ 62 


4- 39 


a Leonis. 






- 98 


- 8S 


+ 40 


4- 21 


-h 31 


4- 8 


a Virginis 






- "= 


- 93 


+ 35 


- 29 


" 


- 23 


a Boolis . 






- 97 


- %2 


+ 4& 


■1- 22 


H 37 


+ 14 


0? Libra: . 






- 50 


- lOI 


+ 27 


- 2 


- 53 


- 76 


a Coronie 








- 96 


4- 32 




- SO 


- 73 


a Serpentis 






.- 125 


- 148 


- 20 


- 53 


- 76 


- 99 


a Scorpii . 






- 20& 


- 223 


- 95 


+ 69 


4- 52 


4- 29 


a Herculis 








- 91 


-\- 37 


- 81 


- 6r 


- 84 


u Ophiiiclii 






- 163 


- 131 


- 3 


- 28 


+ 4 


- 19 


a Ly,^ , 






- 65 


- 51 


+ 77 


- 5 


4- 9 


- 14 


7 Aquilni. 






- 71 




-t- 17 


+ 54 


+ 14 


- 9 


a Aquila:. 






- i6z 


- 151 


~ 23 


+ 44 


4- 55 


4- 32 


^ Aquil^. 






- 120 


- 135 


- 7 


+ 17 


+ 2 


- 21 


fis Caprlciimi 






- 14S 


- 126 


4- 2 


- ^" 


4- 2 


- 21 


n Aquarii. 






- 208 


- 164 


- 3& 


- 5 


4- 39 


+ 16 


a Pegasi . 






- 140 


- 133 


- 5 


+ 47 


-h 54 


+ 31 


a AndromedEE 




- 146 


- !35 


+ 3 


+ 33 




4- 21 
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DETERMINATION OF A SYSTEM OF CORRECTIONS. 



Correctwns io right ascensioiis, b'c. — Contmited. 





Bessel 1, 1815 




Bessel II, 1825 




SUr. 














..' 


/' 


.. 


.' 


.„■ 


7 Pegasi .... 


+ 140 


+ 151 


+ 98 


„ 


+ 22 


+ 27 


n ArietiS . 






+ 123 


+ 120 


+ 67 





- 17 


- 12 ^ 


a. Ceti. . 






+ 126 


+ 100 


+ 47 


« 


-. 35 


- ^o 


a Taiii-i , 






+ 20 


+ 2; 


- 26 


„ 





+ 5 


/J Otionis. 






- 8 


- 33 


- 36 


! - 30 


- 25 


^ Tauri . 






+ 32 


+ 10 


■ - 43 


» 


- 9 


- 4 


a Ononis. 






- 45 


- 51 


- 104 





- 3 


+ 2 


J3 Geminomn 






- 5 


- 3 , 


- 51 





- 17 


- 12 


a Hydire , - 






- 7S 


- 82 


- 135 


I 


- 28 


- 23 


rt Leoiiis . 






- 16 


_ 2 


- 55 





- 4 


+ I 


/? Leoiiis , 






+ 34 


+ 21 


; _ 32 





- 31 


- 25 


« Virginia 






- 8^ 


+ 14 


- 39 


. ° 


-h i7 


+ 22 


11 Boods . 






+ 3S 


+ 40 


~ 13 





- 8 


- 3 


<i^- Libra; . 






+ 166 


+ 139 


+ 86 





- 8 


- 3 


(! Coronas 






+ 102 


■V 109 


+ 56 


° 


- fi 


- I 


a Serpentis 






+ S3 


+ 73 


+ 20 


„ 


H- I 


+ 6 


a Scorpii . 






+ 121 


+ Ii3 


+ 65 





+ 7 


+ 12 


ct Herculis 






+ 53 


-!- 66 


+ 13 


» 


H- 7 


+ 12 


a Ophiuchi 






+ 27 


+ 20 


- 33 





- 37 


- 33 


a Lyra . 






+ 5S 


+ 61 


+ 3 





- 2 


+ 3 


y Aquil^. 






+ 65 


+ 44 


- 9 


» 


- 6 




a AquilK. 






+ 48 


+ 55 


+ 2 





+ 4 


+ 9 


^ Aquilfe. 






+ (i3 


+ 71 


+ iS 





+ 26 


+ 31 


a= Capricorni 






+ 52 


+ 76 


+ 23 


" 


+ 26 


+ 3r 


.. Aqudrii. 






+ 64 


+ 37 


- 16 





+ 13 


+ 18 


a Pegasi . 






-i- 112 


+ 116 


■ + 63 





+ 2 


+ 7 


a Andromeda: . 




+ 123 


+ 123 


+ 70 




- 17 


- 12 
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RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 



Corrections to right ascensions, ^c. — Continued. 







Slruve. 








Urinkley. 




Star. 
















« 


"./ 


.," 


. 


,■ 


^„ 


y Pegasi. . . . 


+ ir 


+ 35 


_ 




- rso 


- 126 


4- 9 


a Arielis . 








-1- 57 


+ 38 


4- 




- 93 


- 112 


4- 2:5 


a Celi. . 








4- 73 


+ 37 


4- 




- 150 


- 186 


- 51 


a Taiiri , 








+' 22 


-h 21 


- 




- 145 


- 146 


- ir 


S Orionls. 








+ iro 


+ Srj 


4- 




- 82 


- 112 


-i- 23 


■/3 Tauri . 








+ 20 


+ 14 


- 




~ 152 


- iCo 


- 25 


a Orionis. 








+ 28 


+ 22 


_ 




- 12S 


- 134 


H- I 


Geminotui 








+ 34 


+ rj 


- 




- 80 


- lOI 


-4- 34 


a Hydra! . 








+ 93 


+ 61 


+ 




- 6 


- 38 


■ 4- 97 


a Leon is . 








+ 30 


4- 33 


- 




- 137 


- 144 


- 9 


ji Leonis . 








+ 58 


+ 24 


- 




~ no 


- 144 


- 


« Virginia 








+ 4 


+ 20 


- 




- 132 


- 166 


- 31 


a Bootis . 








4- 29 


+ lo 


- 




~ 139 


- 149 


- 14 


a= Libra: . 








+ 22 


+ 17 


- 




- 126 


- 131 


4- 4 


a Coronic 








+ 73 


+ lie 


-h 




- 137 


- 144 


- 9 


a Serpemis 








+ 71 


4- 74 


4- 




- I5li 


- 153 


- 18 


o. Scorpii . 








4- 44 


4- S3 


4- 




- 186 


- 177 


- 42 


o Herculis 








+ 67 


+ 74 


-h 




- "5 


- .08 


4- 27 


Ophiiiclii 










4- 76 


+ 




- Si 


- 123 


4- r2 


« Lyr^ . 








- 6 


- 9 


~ 




- 101 


~ 104 


4- 31 


/ Aqiiite. 








+ 50 


4- 46 


4- 




- 146 


- 150 


- 15 


a Aquil^e. 








+ 27 


4- 30 


_ 




- 148 


- 145 


„ 10 


^ Aquilre. 








+ 10 


4- 39 


4- 




- 205 


- 176 


- 41 


a^ Capricorni 








+ 37 


4- 63 


4- 




— iSq 


- 163 


- 28 


a Aquarii 








+ 21 


4- 33 


- 


3 


- 127 


- 115 


+ 20 


a Pegasi . 








+ 5 


4- 7 


- 


29 


- 133 


- 130 


4- 5 


a Andromeda; 






- 6 


- 25 


- 


61 


- 87 


- 106 


4- 39 
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DETERMINATION OF A SYSTEM OF CORRECTIONS. 



Corrections to right ascmsians, &--c. — Continued. 



^ Orionis. 
(5 Taiiri . 

Orionis. 
^ Geminorii 
a Hydra; . 

/3 Lconis. 
Virgmis 

Bootis . 



Serpen tis 

Herculis 

Ophiuchi 

7 Aquilie . 

AquilfB . 
3 Aquilfe . 



Aquai 
Pegas 
Andre 
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RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 



Correctiojis io right ascensuws, &'(. — Continued. 



Star. 


Greenwich, 1864. 


Washington, 




















AL 


'"' 


""" 


.1. 


''■'' 


'"" 




Y Pegas! .... 


- 124 


- 51 


- 30 


- 59 


+ 22 


- 12 




It AriotiE . . 




+ 53 


- 33 


- 12 


+ 123 


+ 27 


- 7 




a Ceti. . . 




+ 58 


- 13 


+ 8 


+ 132 


+ 56 


+ 22 




a Tauri . . 




+ 40 


+ I 


+ 22 


+ 91 


-1- 43 


+ 14 




/? Orionis. . 




+ 24 


- la 


+ 3 


- 73 


+ 29 


~ 5 




TaurL . . 




- 58 


° 


+ 21 


- 52 


+ IS 


- 18 




a Olionis. . 




+ 6 


+ 3 


+ 24 


+ 38 


+ 35 


H- I 




Gem: nor urn 




+ 111 


- 3 


+ 18 


+ 151 


+ 23 


- II 




a Hydrai . . 




+ I2y 


- 15 


+ 6 


+ 185 


+ 23 


-11 




n Leonis . . 




+ S3 


- 13 


+ 8 


+ 148 


H- 3g 


+ 5 




Leonis . . 




+ no 


~ 4 


+ 17 


+ lOo 


+ 33 


- I 




a VirgLnis . 




- 22 


- 38 


- 17 


+ 57 


+ 37 


+ 3 




a Bootis . . 




-f 39 


- 17 


J- 4 




+ 33 


- I 




ifi LibiK . . 




- g3 


- 5 


+ 16 


- 67 


+ 34 







a Corona . 




+ 43 


- 23 


- '^ 


+ gS 


+ 17 


- t7 




« Serpentis . 




- ■ 7g 


- 25 


- 4 


- 32 


+ 29 


- 5 




a Scorpii. . 




- gl 


_ 32 


- II 


- ^9 


+ 48 


+ 14 




« Herculis . 




■ + 12 


- 10 


+ II 


+ 62 


+ 35 


+ I 




a Ophiiichl . 




+ 17S 


- 5 


+ 16 


+ 24& 


+ 42 


+ 8 




a Lyvfe . . 




+ 9 


- 29 


- 3 


H- 6S 


+ 25 


- 9 




y AquilK. . 




- "7 


. - 4S 


- 25 


- 42 


+ 40 


. + 6 




a Aquila^. . 




- 32 


- 18 


+ 3 


+ 49 


+ 34 







^ Aquilre. . 




— 148 


- 39 


- 'iS 




+ 33 


- I 




a^ Capricorn]. 




- 54 


- 29 


- 8 





+ 25 


- 9 




a Aquaiii. . 




+ 6 


- 53 


- 32 


+ 115 


-{- 46 


+ 12 




a Pegasi . . 




- 20 


- 30 


- g 


+ 60 


+ 49 


.+ 15 




a Andi-omeda; 




+ 78 


- 22 


- I 


+ ISI 


+ 40 


+ 6 
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DISCUSSION OF PROBABLE ERROR. 



The following are tlie values of x and y, in, wliicli tlie units ai'e thousandtlis of 
seconds of time: 



Slav. 




J' 


7 Pegasi 


- rS 


- 127 


a AiietiB . 








+ 13 


■h 167 


a Ceti. . 








+ 32 


+ 8g" 


a Tauri . 








- 3 


+ 93 


/5 Orionis 








+ 23 


+ 32 


Tauri . 








+ 14 


- 1C5 


a Orionis 








+ 5 


- 5 


;? GemmoriiiTi 








+ lO 


+ 236 


Hjdrai . 








-h 10 


+ 2S6 


Leonis . 








- 3 


+ 225 


Leonis . 








+ 24 


+ 306 


B ■ Virginia 








" iq 


+ 78 


" B^jOiis . 








+ 4 


+ 121 


a= LlbiTc . 








+ 15 


- 233 


(I Coron^G 








-h I 


+ J 60 


n Serijentis 








+ 3 


- 129 


a Scorpii . 








- 3 


- rzS 


a Herculis 








- 9 


+ 72 


a Ophiachi 








■1- 26 


+ 357 


« Lyra: . 








- I 


H- 83 


7 Aquila;. 








+ 12 


- 188 


o , Aquil* . 








" 5 


-1- 39 


P Aquilre . 








- ig 


- 200 


K= Capricorni 








- 25 


- I 


« Aquarii 








- i8 


+ 174 


« Pegasi . 








- 3 


+ 29 


(I Andromeda: 






+ n 


+ 199 



§3- 
DISCUSSION" OF PROBABLE EEBOli. 

From these discordances ive shall next deduce the probable en'or of the resulting 
X and 1/. It is well known that results for probable error generally prove entirely 
illusory. Tliis does not arise from any defect in the theory of the subject, but from 
the fact tliat the probable eiTOr generally has to be deduced from the discordances 
among a series of results affected by some common source of error, which changes 
all tlie results in the same way, and is, therefore, not eliminated fi'om the mean. But 
the twelve star-catalogues here employed may be regarded as absolutely independent 
of each other. 

In deducing the probable eri'or from each series of residtials, I take the mean 

value of the residuals ivitliout regai'd to the sign. In tlie more elegant method of 

deducing the probable eiTor from tlie smn of the squares of the residuals, it seems to 

me that too much weight is assigned to those large residuals the presence or absence 

3_p s 
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l8 RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

of wliicli is a itmtter of chance. The probable en-or being pi-opoilional to tlie mean 
error, and only a little smaller, I shall use tlie latter tliroughont instead of the former. 
The mean values of tlie numbers fonud in the third columns, taken without regard to 
the sign, are as follows: 

1. Auwers' Bradley - . . . - - - 10.7 

2. Piazzi __..--...- 49 

3. Maskelyne _ _ . 30 

4. Auwers' Cacciotore ..__.. 36 

5. Bessel I _.---. - - - 47 

6. Bessel IT .__.---.■. 13.7 

7. StniTe ---------- 21 I 

8. Brinkley -.---,-.- 23.3 

9. Ai'gelandor . - - ^ 1 4 

ID. Pulkowa - - - . 8.2 

11, Greenwich . - . - - - - - - i3-i 

12. Washington .-_-.--- 7.9 

Had the catalogues all been entirely accordant, tliese residuals would all have 
been zero. Let ns next see in what manner they are made up. In the ease of Bradley 
the residual is formed by subtracting from each Ci the value oix — 0.65 y deduced from 
the expression on page 10, substituting for c^, c^ etc., their values found in the preceding 
table. Substituting in this expression these values of x and y in teiins of c^, t^, etc., 
which have already been given, we find — 

X ~o.65 y — .68 Ci + .10 (^3 + .09 ^3 + .09 C4 + .06 O5 + .i4(:e + .13 c^ 
+ .04 Cb + .07 r-9 — .07 Cji, — .12 Cn ~ .22 fj3 
Snbti'actmg tliis from Cj, tlic difference is — 

.32 Ci — .10 Cg — .09 C-, — .09 C4 — .06 Cr, — . 1 4 t(j — .13 c-j — .04 Cg 
— .07 Cg-j- .07 c,o 4" .12 Cii -|- .22 Ci3=:c' 
and it is this expression of which the value is giyen in the second column under each 
catalogue in tlie preceding tables. 
Let us now represent by — 

£], £g, £3 . - . - - i'lg 

the probable errors of — 

Cij Cjij C3 - - - - - Cia 

or of the star-positions in each catalogue. The square of tlie mean error of a sum 
being equal to the sum of the squares of the individual mean eixors, the square of the 
mean error of tlie last ejqjression, or of c', will he — 

.102 Ci^ + .oio f^ + .ooS «3^-f .008 e/4-.oo4 £fl^-f .029 ffl^ + .oi7 £,^ + .002 ffi'-^ 
+ .005 Cn* + .005 £w + -014 «i/ + .048 £]/ 
The mean Bradley residual being 10.7, the value of tliis expression is 1 14. 
A similar equation being formed for each of the twelve catalogues, we have twelve 
equations of the first degree, which suffice completely to determme the twelve values of 
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DISCUSSION OF PROBAI-iLr: ERROR. 



e, and therefore the mean error of each catalogue, l^'hese e{|uationa are as follows, 
wiiting' only the co-efBcients of the unknown quantities: 



^, 


'S= 


■ 


... 


e. 


^.= 


... 


e^'' 


V 


^..= 


^n' 


^,.= 




.102 


.010 


.003 


008 


004 


.0.0 


.017 


.002 


.005 


.005 


.0-4 


04S 


= 114 


.JO9 


.865 


.004 


004 


002 


.014 




014 




om 


.oofi 


.OI2 


.0 





=2601 


.084 


.002 


.902 


004 


002 


.014 




012 




001 


.000 


.017 


.000 


000 


= 900 


,084 


.003 


.004 


goa 


002 


.014 




012 




001 


.0 


.017 


.0 





:^I296 


.036 


z 


z 


001 


922 


■ 792 




792 




940 


.006 
.006 
.006 
.006 
.846 
.006 


.032 
.040 
.044 
.044 
.048 
.504 


.005 
.005- 
.005 

.017 


006 

017 
044 


= 196 

~ 441 
= 529 

^ 67 


.029 


.000 


.000 


000 


001 


,008 




010 




001 


.006 


■m 


.f.72 


090 


-- 170 


.O4S 


.000 


.000 


000 


000 


.008 




010 




001 


.006 


.152 


.036 


462 


= 63 



These equations will give the middle series of probahle erroi"s with great ceitainty ; 
but those which lie near tlie extremes in point of time will be qiiite uncertain, the 
r xmcertainty of the last members of each equation being considerably exag- 
tlie result. If we solve by successive approximation, the equations for 
determining s^^ and £,2^ will be — 

.102 £1^ ^ 114 — 74 =: 40; fi ir 0^020 
.462 Si/— 63 — 55= 8; % = o^o04 
We may rouglily estimate tlie uncertainty of the second members of the preceding 
equations as equal to one-fifth of their entire amount, so that tlie number for which we 
have found the value 114 might have ranged anywhere between 91 and 135, while 
that which we have found to be 6^ might have ranged between 50 and 76. Honce the 
valixe of £1 may, from tliis cause alone, range between 0^.013 and 0^.025, and that of e^^ 
between zero and 0^007. In the latter case we have an independent means of esti- 
mating the probable en-or. The catalogue result actually employed is the mean of 
two neai-ly independent determinations with differerit instnimenfs. The mean differ- 
ence of the results was.o^OI3. We may therefore put o^oo6 as the inferior limit of £,g. 
To make the estimate too great ratlier than too small, I liave supposed «,a to be o'.oo8, 
and hence obtained the following series of probable en-ors, wliich nearly satisfy all the 
equations except the last; 



^1 


— 


019 


^1^ 


= 3S1 


Cg 


=Z 


054 


V 


= 2916 


^3 


=L 


030 


^3 


zz 900 


£4 


— 


037 


e^ 


= 1369 


E^ 


ZZ 


048 


^5 


= 2304 


Sfi 


zz 


014 


^e 


= 196 


£, 


=: 


025 


£■/' 


= 529 


^A 


= 


023 


^s^ 


= 529 


e. 


— 


010 


£3^ 


— 100 


£| 


— 


010 


*^io 


''— 100 


^1 


= 


014 


^1 


== 196 


£| 


zz 


008 


^13 


"= 64 
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20 RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

It may be remai'ked that the only itnceitainty among tliese probable errors which 
matenally affect our tinal result for the probable eiTor of the concluded positions is that 
of .,. 

To find the probable error of a computed stfir-position at the time f, we must sub- 
stitute the values of X and y in the expression x-{-yt, which gives the coiTection to the 
Talmlis UegiomontrnKG at the time t. Calling this correction ^ we have — 
^ = + (.jj-.ySf)c^ 
+ (.04 — .ioi)c, 
+ (.04 — .o8()c, 
+ (.04-.o8i)c, 
+ (.o4-.o3i)<i 
+ (.1 1 ^ .cut) c 
+ (■11— .03OC, 
+ (.03 — .oii)c, 
+ (.o8 + .oi()f, 
+ (.i9 + .4ot)Ci, 
+ (.o6 + .2jf)c,i 
-i-(.09 + .47()c„ 
The sqnai-e of the probable en-or of this expression will be — 

(.i7-.780'£,' + (.O4-.iol)»e/ + etc. = 36-i25(+3O3(" 
t being, it will be remembered, tlie fraction of a centmy after 1820. This expression 
would attain its minimum in 1 840, when iia value would be — 
e^—2^ or e — o".0048 
At any other time T its value will be — 



/T^i84oY 



Owing to tlie independence of tlie twelve determinations on which the concluded 
positions rest, I conceive tliat tliis expression for tlie probable en-or is not entirely illu- 
sory, but is very nearly real. Of the exactness of the constant term no serious doubt 
can be entertained. But the co-efficient 303 multiplied by the square of the time 
depends very largely on the concluded probable error of Auwers' Bradley, and we 
have seen that there is some micei-tainty in tliis determination. If this probable error 
is really as gi-eat as o^o25, wliicli we have seen to be quite possible, we should have — 

^ ==^3+464 (^^^^j 
The first expression will give for tlie probable eiTor iu 1900 — 
e =: o^oI I 
while the second will give — 

e=:o^OI4 
It must be understood that tiiese results for probable erroi- are tme only on the 
assumption that the proper motion of each star carries it forward on a great circle with 
a uniform velocity. 
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SYSTEMATIC DISCORDANCES AMONG THE CATALOGUES. 



§4. 
SYSTEMATIC DISOOEDASCES AMONG THE CATALOGUES. 

Let us next inquire liow far tlie outstanding residuals of tlie coiTections to each 
catalogTie are of a systematic character depending either upon the right ascension or 
declination. I have ah-eady set foi-th the reasons for believing that the systematic 
en-ors to be looked for ai-e those depending on tlie sine and cosine of the riglit ascen- 
sion. Let us then suppose the residuals of each catalogue to be of the forni — 

m cos a-j-n sin a-\-c 
If we put Ti, r^, etc., for the residuals con-esponding to the several stans we shall have 
twenty-seven equations of the foim — 

m cos o^i -j- ra sin a^-\-c^=i r-^ 
from which to determine m, n, and c. If these equations be solved by least squares, 
the nonnal equations will be — 

m ^ cos^ a-^n 2 sin a cos a:-\-c 2 cos a-=i2r cos ol 
m 2 sin a. cos a-]~n ^ sin^ a:-\-c 2 sin tt =: 2 r sin a 
in 2 cos a -{- n 2 ^m a -\- 2'] c:=.2 r 
Owing to the minuteness of the quantities 2 cos oc, 2 sin a, m, and «, and to the fact 
that when we take tlie residuals c-j in the third colmnn of the table of catalogues we 
have 2 r — o, we may, using these same residuals, determine m and n from the first 
two equations, putting c = o. Putting for 2 cos^ a, etc., tlieir values derived from the 
right ascensions of the tweoty-seven stars in question at or near the mean epoch, these 
equations become — 

11-74 «i+ 0'93 n=.2rcos a. 
0.93 m-\- 15.26 w~.S> sin a 
wMcli give — 

11.68 m-=L'2T (cos a— .06 sin a) 
i^.ig n -^^^r (sin a — ,08 cos a) 
Computing the values of m and n con'esponding to each catalogue fi'om these formula?, 
we find tliat the residuals in the second column, wliich represent tlie excess of the cat- 
alogue right ascension over that computed, may be represented as follows: 



No. 


C.U,.,,.. 


Systematic r 


siduals. 




J 


Aiiwers' Bviidlcy . . . 


!-= + .03i-.003C 


OSCi+.007E 


~ 


2 


Pmi;i,.(iSoo) , , 




j-= — .0S74-.003 c 


OSK- 


001 E 


IIB 


3 


Maskelyne, (1S05). 




!-= — .12S — .oigc 


OSK- 


006 E 


n« 


4 


Auwers' Cacciotoic 




!■= +.023+.OIOC 


OSa + 


033 s 


aa 


5 


Bessell,(i3i5). . 




^=+.053 +.037 C 


os«- 


037 s 


no 


6 


Bessel II, (-1825) , 




r= —.005 +.006C 


OSCS- 


010 S 


aa 


7 


Stiuve, (1825) . . 




!■= +.036-.007C 


osa- 


005 s 


nc 


S 


Brinklej, (1825 . . 




. r=-.i3s-.oo2c 


osn + 


009 s 


na 


9 


Argdander, (1828). 




r= .OQO+.ooic 


OSfi + 


ooas 


n« 


ro 


PiiUtowa,(i845> . 




r=-.oo5+.ooi c 


0S0 + 


002 s 


no. 


11 


Greenwich, (i8(i4) . 




r=-.02I-.OIIC 


0S0 + 


010 s 


na 


" 


Washington, (1870) 




r=+.o34+.O04C 


osa- 


001 E 


na 
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The catalogTies in wliicli tlie periodic character of tho residual is most strongly 
indicated are Auwers' Cacciotore, Bessel I, and Grreenwicli. In the case of itlie latter 
the systematic difference, small as it is, makes up the greater pai't of the reaidnal, since, 
if it is subtracted, tlie mean value of the residual is reduced from .01 3 1 to .0064, while 
the probable eiTor is reduced in an even, larger proportion. Taldng away tlie tlnee 
catalogues just mentioned, tlie co-efficients m and n ai-e no gi-eater than might result 
from the accumulation of accidental eiTore; it is therefore doubtful whether we oug'lit 
to regard them as real. 

To find what discrepancies depending on the declinations are indicated, 1 have 
gT.'on]}od the twenty-seven stars as follows: 

7 stars north of + 20° 
1 1 stai-s between + 6'^ and + 1 6" 
9 stars south of + 6° 
The mean residual from the tliird column corresponding to ea(^h group is — 



Catalogue. 


North group. 


Middle. 


South. 


Bradley .... 


+ .006 


1^1 


-.;.. 


Piaz^ii . . . 






- 


046 


- .i>i3 


+ -049 


Maskel;Lic . 






4- 


021 


,000 


- .022 


Caccinloic. . 






+ 


005 


-h .002 


- .'006 


Bessel I . . 






+ 


013 


— ,006 


- .004 


Bessel II . . 






_ 


ooe 


+ ,oo: 


-h .004 


Striive . . . 






- 


019 


+ .004 


+ ,010 


Brink! ey . . 






+ 


010 


- .002 


~ .oog 


Argelander . 






+ 


008 


+ .007 


- .oin 


Pulkovva . . 






+ 


008 


- .005 


- .001 


Greenwich. . 






+ 


003 


+ -004 


- .006 


Washington . 




_ 


^ 


008 


+ .003 


+ .003 



Notwithstanding theh' general minuteness, these residuals dependmg on the decli- 
nation ai-e more certainly mdicated than those depending on the right ascension. Tho 
catalogues in which they are largest, those of Piazzi and Maskelyne, have received 
but a small weight in the preceding discussion. In all tlie others, with the possible 
exception of Struve, they are so small tliat they may be treated as accidental eiTors. 
Their fiirtlier consideration is therefore, for the preseht, omitted. 

§5- 
DETErvMINATlON" OF THE POSITIOH" AND MOTIOIT OF THE EQUINOX. 
For the detennination of the common correction to tho right ascensions of all stars 
on account of en'or m the assumed equinoctial point, we are still dependent entirely on 
observations of the sun. We may ultimately hope to determine some of the quantities 
on which the absolute positions of the stars depend from observations and theories of 
tlie planets, the orbit of each planet, when con-ected for pei'turbations, being a fixed 
gTOat circle, and the planets bemg susceptible of more accurate observation than the 
sun, but this course is not possible at present. It is well known tliat the best deter- 
minations of the equinox exhibit discordances far lai'ger than can result from purely 
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accidental eiTOrs of observation, and so indicate tlie existence of systematic en-oi-s in 
the oliservations of tlie sun, tlie nature and cause of which are obscure. The deter- 
mination of each co-ordmate of the sun seems about equally hable to them. We know 
that the absolute right ascension of a star depends eifectively upon two elements, to be 
determined from observation, namely: 

1. The moment at wliich the sun crossed tlie equinox, from which its absolute 
right ascension at any tune may be obtained, the elements of its orbit being known. 

2. The difference of right ascension between the smi and a star, from wliicli the 
absolute right ascension of the latter is obtained from tliat of the former. 

Since any error dependmg on the sun's zenith distance will, in the first determina- 
tion, be ehminated from the mean of the two equinoxes, it might be supposed that 
there would be a general agreement among different authorities iu tliis determinatiou. 
But such is by no means the case; and I can assign no probable cause for tlie obsci-ved 
discrepancies. 

"With reference to the second detennination, it is well known tliat the personal 
equation of an observer is frequently different for the sun and for a star, and this dif- 
ference wiU appear in the difference of their right ascensions. Diurnal changes in the 
clock, the instrament, and the personal equation of the observer will also introduce 
errors into the determination. 

tinder these circumstances the most we can do is to base om- deteimination on 
the widest range of material at our disposal, depending for accuracy on the nmnber 
and variety of the determinations employed rather than upon the precision of any one. 
All the data at my disposal which did not involve a re-reduction of observations are 
comprised in the following discussion. 

The different common con-ections to the preceding detennination of right ascen- 
sions of stars are represented by e. We begin witli an examination of tliose published 
catalogues in which tlie stai'-positions are referred directly to die sun. 

BeSSEL'S BEAI>LEr. 

The right ascensions of the following stai-s were determined by Bessel by direct 
comparison with tlie sun. Opposite each star is given Auwers' correction to Bessel's 
position, a.ud the concluded correction already found, the signs being changed : 



Slnr. 


B.-A. 


B - (I). 


<i Tauri . . 
li Ononis . 
n Orionis , 
li Geminonim 
a Leonis . 
a Virginis . 
(I Bootis. . 
« Lyr^ . . 
n Aqui]a3 . 








+ 

+ 

+ 
+ 


040 
030 

043 
03IJ 


+ ,063 

- .007 

- .008 

+ .143 
+ -149 
+ ."70 
+ -075 

+ .058 
4- -030 


, Mc^n . 








+ -030 


+ .o6.\ 
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24 RIGHT ASCENSIONS OF rUKDAMENTAL STARS. 

Wc liave, tlierefovc, from Bessel's deterniinjitiou for 1755 — 
e z= +0^064 

PlAZZI, 1800. 

Of Piazzi's determiiiation of fhe equinox I know nothing'. The mean coiTection 
given bj his catalogue cannot, therefore, receive much weight, altliough the geograph- 
ical position of his ohservatory is very favorable to its deJerminatioB. The value of e, 
resulting from this and from all the otiier original catalogues employed in the preceding 
detei*mhiation is the same with the constant teims in the systematic residuals, given on 
page 2t, and represented by r. 

Maskelyne, 1805. 

Maskelyne states that his catalogue was "settled with respect to the equinoctial 
points, from the observed declinations of the snn about the equinoxes in 1 804, 1 805, 
and 1806." "With the same catalogue he gives one for 1756, deduced from Bradley's 
observations, the mean of which is o".!© less than Bessel's, if we compare the twenty- 
seven stars under consideration, or o''.i$ less, if we compare only the stars wliich Bessel 
found by direct comparison with the sun. This large difference may arise from Maske- 
lyne's having used only observations of the sun very near the equinoxes, wlule Bessel 
extended liis determination to a declination of 14° on each side. An examination of 
the tables of coiTections corresponding to different declinations of the snn, given on 
page I S of the Fundamenta, does, in fact, show a systematic difference depending on 
the dechnation, but tlieir source and natiu'e ai"e too obscure to admit of much discus- 
sion. All we can do is to suppose Maskelyne's determination an indepeiideiit one, 
entitled only to small weight. 

Bessel, 1815 and 1825. 

Both Bessel's catalogues ai'e referred directly to tlie sun. Tlic first depends on 
tlu-ee yeai-s' observations ivith the old transit and tJie Caiy circle, Jinmbering 290 in 
all; the second on five years' observatiorm with the Reichenbach meridian-circle,. nnm- 
beiing about 400 in all. 

Struve, 1825. 

StiTive's equinox depends on 216 observations of the sun, extending tlii'ough a 
period of four years. (Positiones Media3, p. xxxx.) 

Aegelahdee, 1830. 
From a remai'k in the inti'oduction to liis catalogue, page iii, it' would appear that 
Argdander, from hi^ own observations of the sim, found a correction of -|-o^o72 to 
the right ascensions of the Tabula? Eegiomontanae. We have, therefore, on this 
authority — 

e— + 01064; epoch, 1828. 

PoNB, 1830. 
In the inti'oduction to his "Catalogue of 1112 stars," Pond suites that the riglit 
ascensions of Maskelyne's last catalogue have been increased by o'.20, being a quantity 
detemiined by observations of the sim made about the equinoxes ivith the present 
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ti-ansit-instrument since 1816. The mean value of e given by this catalogue is 
+ o^o73. But, as tlie mean epoch of the observations is about seven years earlier, we 
may inquire whether the coiTection is different for this epoch. A con'ection of -(- 0^20 
applied to Maskelyne's catalogxie for i8o5 would leave — 

■ e~ + .o-j2 
I infer, therefore, that the correction should ha"^'e the same value for the mean epoch, 
which we may coiLsider to he 1825. 

AIRY'S OEEENWIOn CATALOGUES. 

The five catalogues published by Airy have been so carefully refeiTed to the sun 
that they do not appear to need any further discussion. The comparison of the indi- 
vidual catalogues with the positions already found give the following values of e ; 



First six-year catalogue - 
Second six-year catalogue 
Third six-year catalogue - 
■, First seven-year catalogue 
Second seven-year catalogue 



epoch 1839, ezz: — .052 
1845, e- = — .003 
1851, e--|-.oi7 
1857, e = -.oo5 
1864, e=: — .021 



The Ptilkowa equinox depends on observations of the sun ivith the transit-instru- 
ment and the vertical circle, extendhig from the year 1 842 to 1 850. The copious dis- 
cussion of these observations by Wagner is found in "Observations de Poidkova," 
vol. Ill, pp. 41-67. 

Adding Washin^on, 1870, this completes the list of original catalogues referred 
independently to the sun. But we have still a collection of data in the form of obser- 
vations of the sun made and reduced at vaiious observatories, and compared with the 
tables. I liave reduced all these in a smnmaxy manner, which, though coarse and rade, 
will, I am persuaded, lead to results differing from those of the most refined discussion 
only by quantities much smaller than the unavoidable probable en-ors of the results. 
The mean correction to tlie tabular right ascension and declination was taken for each 
month through a series of years, all the observations made in any month of a given 
name — Jaimary, for instance — ^being combined into a single mean. This mean was that 
of the entire ntimber of individual residts. The con'ection to the sun's absolute mean 
right ascension was then deduced from the obsei'ved errors of the tabular declination, 
being given by tlie approximate formula — 

S R. A. (m time) = ^i. .2 A <S cos I 

I being the sun's longitude, and the factor cos I being the mean value of the cosine of 
the smi's true longitude during .each month. 

The mean correction of the sun's absolute right ascension thus obtained is com- 
pared witli the correction obtained" by comparison witli the stars, and the difference, 
supposed to be due to eiTor in the adopted right ascensions of the latter, gives tJie mean 
correction to the equinox to obtain the absolute right ascension of the stars. 

4— F S 
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Paris, 1854-63. — {Corrections to Carlini's fables.) 



Monlh, 


A« 


No, of 
obs. 


' 


No. of 

obs. 


CO,, 


6 cos/ 


Febma 
March 
Aprl 
May 

July 

Augus 

Septem 

OclQbe 

Novem 

Decern 


be 

be 
bet 






+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 


.32 
154 
165 
20g 

24s 
234 
207 
213 
r<)4 
133 
IgQ 
14S 


56 

104 
lr6 

Si 

136 

gS 
53 

72 
49 


+ 2 

+ 3 
+ 2 
+ I 

+ 

+ 

+- 


07 

7C 

68 

2 = 

78 

ig 
31 

50 

30 


43 
73 
98 
105 

74 

95 

7& 
(.3 

40 


+ 

+ 
+ 
+ 

4- 


44 

98 

Sg 
S6 

39 
70 
98 
92 
60 


+ 
+ 2 
+ 2 
+ 2 

4- 

4- 


47 
63 

31 
15 

46 
07 
13 


Suit 






+ 2 


230 












+ 7 


64 



We lience deduce — 

s. 
Mean coiTection to sun's absolute right ascension - . - +0.212 

Mean correction deduced from stars - -|- 0.186 

Therefore star's rlglit ascensions require the correction - - +0.026 
A compai-ison of the corrections to the Tabulae Regiomontance adopted in the reduc- 
tion of the Paris observations with tliose deduced in this paper show that the latter are 
greater bj 0^024. We may therefore put as the result of this series of Paris obser- 
vations — 

e ■=! o^ooo 

Paris, 1864—65 — {Corrections to Le Verrier's tables.') 



Monl!i, 


Aft 


No. of 
obs, 1 ' 


N«.of 
obs. 


Ad cos/ 


February 
March. 

April . 
May . 
Juic . 

J"iy ■ 

August 

Septembe 

October 

Novembe 

December 






+ 


072 
060 

030 
013 

052 
064 

006 

"37 
017 


7 
24 

19 

13 
23 
'0 

IS 
13 


+ 
+ I 
+ I 

-h 


35 

2<i 
05 
29 

8S 

52 
45 
48 

B6 


7 
6 
ifi 

1-6 
14 

16 
14 

'3 


+ 

+ I 
4- I 
+■ I 

+ 
+ 


09 
06 

24 

03 
03 
34 
09 
51 

Eg 
□9 


Sum 




-0 


293 








+ 3 


" 
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We hence deduee — 

Mean coiTection to sun's absolute right ascension . . +0.104 

Mean correction .deduced from stai's ...... —0.024 

Correction to adopted right ascensions of stars , _ . . + o. 1 28 
The Paris concluded right ascensions for 1 864 are less than tliose here deduced 
by q\oi3. The result of these two years' work at Paris is therefore — 
e = + olii5 
In the following two years nearly all the obser-^fations of tbo sun at Paris were 
made by a single observer, whose results ai-e remarkably different from those of other 
obsei-vers, as may be seen by the very large and uniformly positive corrections to the 
right ascension and longitude of tlie smi, given in the collected results of the obsei-va- 
tions. This error evidently arises from the personal equation of the observer not being 
the same for the sim and for a star. Such differences are known to exist, but they are 
generally so minute as hardly to admit of positive detection. We liave, however, one 
or two cases_ of the differences attaining an extraordinary magnitude, and, as they do 
not follow the usual ]a.w of error ui their distribution among different obsei-vers, we 
must reject entirely the cases in question. 

CAMBRIDGE, (ENGIiAND.) 

The results of the observations of the sun during tlie five years 1^33—37 are as 
follows : 



Moiirh. 


Ail 


No. of 
obs. 


Ad 


No. of 


..CO., 


Imuy . . 


+ 


203 


3' 


+ 


,:„ 


30 


_^ 


„ 


44 


February 






+ 


195 


40 


+ 





n6 


41 


+ 





So 


Match . 






4- 


175 


44 


■h 





18 


44 


+ 





18 


ipril . 






+ 


230 


55 


+ 





36 


56 


+ 





33 


May . 






-1- 


215 


g6 


+ 





63 


93 


+ 





33 


June . 






4- 


138 


7! 


-h 





35 


77 


+ 





04 


July . 






+ 


205 


59 


+ 





66 


S8 


- 





26 


A.eu.t 






+ 


182 


77 


+ 





14 


So 


_ 





u 


Seplembet 






+ 


3oS 


65 


+ 





07 


6^ 


_ 





07 


October 






+ 


i3o 


73 


+ 





46 


75 


- 





43 


November 






+ 


237 


61 


+ 





79 


59 


- 





47 


December 
Sum 






+ 


■75 


42 


+- 





93 


37 


- 





09 


+ 2 


313 








+ 


" 


73 



Mean correction to sun's absolute right ascension - - . -{- 0.020 

Correction deduced from stars -[-0.195 

Correction to adopted right ascension of stars - . . . —0.175 

Adopted right ascensions ^rertfer than ours by - . . . 0.146 
llence — 

f^ — 0^.03; epoch, 1835. 
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In subsequent years the discussion of tlie correction for eacli. jeai- in which suffi- 
cient observations of the snn were made is given along with the results of the obser- 
vations. The following are the mean vfiines of e for series, feaeli including five years' 
actual obaei'vation : 

1841, e = -|-o.o6 
1849, e = + o.o6 
1856, e = — o.O! 



Since 1861 tlie sun has been pretty regularly obsei-ved at the Eadcliffe Observa- 
tory, and the apparent errors of the tabular positions are given in the results of each 
year's obsei-vations. They are Sivided into two series, the first comprising the yeai's 
1861-63, in which the results are compared with Carlini's tables, and the obsei-vations 
are considerably scattered ; tlie second, comprising- the years 1 864-'68, during which 
the comparison has been made with Le Vender's tables. 

The tabular summary of tlie results for tlie yeai-s 1861-63 '^ ^^ follows: 



Month. 1 A a 


No. of 
obs. 


All 


No. of 

obs. 


A ,1 CO.S / 


February 
March . 
April . 

May . . 

June . 

Ju'y . 

August 

Seplember 

October 

Noveinbei- 

December 

Sum 






+ 
+ 
+ 
+ 

+ 

+ 
+ 


40 
34 
32 
33 
i& 

33 

35 
53 
46 

■40 


9 
19 

lb 

14 
7 


+ 
+ 

+ 1 
+ 

+ I 

+ 

H- , 

+ 2 


& 
(, 

6 

5 

3 

8 

3 


17 

14 


-1- 0.1 

+ 0.6 

H- 1.3 
+ 0,1 

+ 1-3 
- 0.7 


-h 4-15 








+ 2.1 



Mean correction to sim's absolute right ascension _ _ . + 0.06 

The same deduced fi-om stars +0.35 

Con-ection to adopted right ascension of stars - - . — 0.29 

These adopted right ascensions are tlie same as tliose used durhig the con-espond- 
ing year in the reduction of the Greenwich observations,, the mean of .which coiTesponds 
very nearly to our adopted results. We have, therefore, from these RadclifFe observa- 
tions — 

e = — o".29; epoch, 1862. 

The gi-eat and improbable magnitude of this result renders the question of its 
introduction somewhat embarrassing. 
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For tlie five subsequent years, 1864-68, we liave — 



Month. 


.. 


No. of 

obs. 


Aci 


No. Of 
obs. 


..„., 


January 

March . 
April . 
May . 
Ju-o . 
July . 
August 
September 
October 
November 
December 

Sum 




+ .10 
+ .13 
+ .'7 

+ .'S 

+ .06 
+ .03 

+ .10 
+ -12 

+ .JO 


36 

37 

43 

56 
S5 
47 

46 
42 

23 


+ 2,0 
+ I.O 
+ 1.0 

+ 0.3 
+ 0.7 

+ 1.0 
+ 1,4 


36 

37 

47 

55 

SO 


+ 
+ 

-h I 


9 

6 

6 


+ 1.23 








+ r 


■ 



Correction to sun's absolute right ascension .__-)- 0.03 
Con-ection deduced ft-om stars . . . . _ . -[- o. 11 

Connection to adopted right ascension of stars — 0.08 

The adoptedright ascensions being still the same as at Greenwich, this result gives — 

e = — olog; epoch, 1866. 

The coiTection is still negative, as in the years 1861-63, though not so great. 

A comparison of the EadcIifFe results witli tliose derived from the Greenwich 
observations shows that the difference is found chiefly in the observed relative right 
ascensiojas of the sun Etnd stars. Thus, during the years 1861-63, the mean ooiTCction 
to the sun's right ascension deduced from the' Greenwich observations is + o". 1 7, while 
that firom tlie Eadchffe obsei'vations, using the same adopted right ascensions of stars, 
is +o^35, so that the Radcliffe results ai"e greater by 0^.18. 

An examination of the Kadcliffe obsei"vations shows tliat this great discordance 
did not exist in the year 1861, but commenced in 1862, with the introduction of the 
new transit-circle. It might, therefore, well give rise to the suspicion that the pointing 
of the circle is affected with a diumal change. As the clock-en-or is determined from 
observations made at night, a constant eiTor would thus be introduced into the results 
of transits of the sun. But tliis explanation seems to be negatived by the fact that tlie 
observations of tlie moon, though made at tlie same time with the stars, deviate still 
more widely from the truth. In fact, the mean con-ection to Hansen's right ascension, 
given by the observations of 1862, is + o".62, wliile all other observations show that 
the right ascension was then very nearly connect We may lience conclude tliat the 
cause is to be sought for in some personal peculiarities of the obsei-vei-s. Though tJiis 
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explanation is made unsatisfactory bj the circumstance that the observations of the 
two principal obsei-vers lead to nearly tlte same result, it is noticeable that in the year 
1 863 we find fonr observations of tlie moon signed M., probably made by the director 
of the observatory, the mean correction from which is + 0^035. This seems, therefore, 
to be the only admissible explanation. 



EDINBURGH. 



In the Edinbiu-gh observations for the years 1 836-'39 the correction to the equinox 
i deduced from each yeai''s observations. Tlie mean result is — 



ezz + 0^.04; epoch, 

Observations of the sun were continued till 
the tables lead to the following mean results: 



1838. 

843. The published coiTections to 



Month. 


.. 


No. of 


arl 


No. of 
obs. 


.„=.., 


Tanuarv 


+ 


17 


50 


+ 


1-3 


32 


+ 06 


February 






4- 


12 


37 


+ 


1-3 


41 


+ I.I 


March . 






+ 


og 


53 


+ 


0.4 


60 


+ 0.4 


April . 






+ 


oa 


57 


+ 


0.5 


50 


+ 0.4 


May. . 
June . 






+ 


13 


42 
SI 


+ 


I'l 


46 


4- o.i 


July. . 






+ 


09 


37 


- 


0-2 


43 


+ I 


August. 






+ 


05 


43 


- 


0.2 


44 


+ 0.2 


Sepiember 






+ 


08 


44 


- 


J.O 


43 


+ 1.0 


October 






+ 


18 


32 


- 


0,3 


46 


+ 0,3 


November 






+ 


05 


33 


+ 


0-3 


20 


- 0.2 


December 
Sum 






+ 


'3 


33 


- 


0.3 


41 


0.0 


+ I 


.8 








+ 3.0 



Mean correction to sun's absolute right ascension 
Mean coiTection deduced from stars . _ _ _ 
Con-ection to adopted right ascensions 



+ 0.108 
-\- 0.106 
-f 0.002 

The adopted right ascensions are o^ol less than those in this paper; therefore 

e=z — oloi; epoch, 1842. 



The introduction to the fii-st volume ■ of the Berlin observations, pubHshed by 
Encke, gives the residts of observations of the sun from 1839 to 1842. The following 
are the mean results; 
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Monlh. 


.. 


No. of 
obs. 


A J 


No. of 

obs. 


..COS/ 


January 

Februar 

March 

April 

May 

June 

July 

August 

Septeml: 

October 

Novemb 

Decemb 








+ 

+ 

+ 
+ 


U 

07 
04 


4 

5 

i3 
14 

25 
13 
14 

7 


+ 

+. 

+ 2 
+ 

+ 

+ 


4 
4 

3 

7 


i4 

6 
23 
14 

a 


+ 

+ I 


6 

') 
4 


Sun 




+ 


52 


■ ! 






' 



Mean correction to absolute light ascension _ . . _ — 0.003 

CoiTection from stars . -. _ _ . -|- 0.043 

Correction to right ascension of stars ____.— 0.046 
The adopted right ascensions are those of the Tabulae Regioinontan;K, wliieli at 
this time are 0^.014 less than those, deduced. M''e have, therefore, , 
ez= — o^o6; epoch, 1841. 
The Berlin observations are distribnted among the months with tmusual irregn- 
lai'ity. Had the mean by weights been taken, the result would have been— 
ez=~ o'.o7 
WASHINGTON. 
The following are the mean results of obsei-vations made with the transit-instru- 
ment and mural circle during the four years i862-'65: 



Month. 


.. 


No. of 
obs. 


AS 


No, of 
obs. 


A J cos/ 


January . . 


■ - 0.052 


42 


+ 0.17 


34 


+ 0.07 


February 






- 0.045 


. 42 


- 


30 


30 


- 0.24 


Marcli . 






- 0.023 


41 


+ 


40 


31 


+ 0.39 


April . 






+ 0.022 


41 


+ 


70 


36 


+ 0.02 


May. . 






- 0.020 


53 


.+ 


22 


53 


+ o.r2 


June . 






+ 0.008 


5" 


+ 


25 


66 


+ 0.02 


July . 






+ 0.015 


51 


+ 


30 


55 


~ o.r2 


August . 






~ 0.002 


57 





00 


50 


0.00 


September 






- 0.038 


42 


- 


22 


47 


+ 0.22 


October 






- 0.033 


35 


- 


10 


55 


+ 0.09 


November 






- 0.027 


35 


- 


10 


46 


+ 0.06 


December 
Sum 






- 0.052 


27 


+ 


57 


32 


- o.oe 


- 0.233 




-1 • 


+ 1. 17 
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RIGHT ASCENSIONS OF FUNDAMKNTAL STARS. 



Mean correction to sun's absolute riglit ascension . . -|- 0.03 2 

CoiTection deduced from stai-s ..----_ — 0.020 

Con-ection to adopted riglit ascension' of stars . - 4-0.052 

The adopted right ascensions are those of Dr. Gould, the mean of which, at this 

epoch, scarcely diflfers from that of oixr deduced, positions. We have, therefore, from 

these observations — 

c = + o'.05; epoch, 1864, 
Since 1 866 the observations have been made with the transit-circle, but the instru- 
ment was dismounted a part of the time. The first two years' work gave the discordant 
results — 



1866 - - - 

1867 - - - 
Mean - - - . 

The following are the mean results for ] 



e— + 0.07 
c =: 0.00 
e — + 0.035 



Month." 


.. 


No. of 
obs. 


^. 


No. of 
obs. 


..COS. 




«. 






„ 








January . . 


+ O.IO 


10 


+ 


0.8 


S 


+ 


0.4 


February 






+ 


04 


20 


+ 


0.3 


'9 


+ 





2 


March. 






+ 


05 


20 


+ 


0,7 


iS 


+ 





7 


April . 






+ 


06 


13 


+ 


0.7 


iq 


+ 





6- 


Mav . 






-h 


02 


22 




0-0 


24 










June . 






-1- 


of, 


13 


- 


0.2 


13 










J„ly . 




: + 


07 


15 


_ 


0-3 


15 


+ 





I 


Aug lis! 






+ 


06 


1) 


+ 


0.5 


7 


- 


,0 


4 


September 




+ 


03 


9 


- 


0,7 


9 


+ 




7 


October . 




- 


02 


13 


- 


1-5 


14 


+ 


I 


4 


November 




+ 


01 


12 


_ 


0,7 


12 


+ 





4 


December 




+ 


06 


.0 


- 


o.g 


10 


+ 


° 


■ 


Sum 




+ 


54 








+ 4 


^ 



Mean correction to sun's absolute right ascension , . + o. 1 1 7 
Correction deduced from stars _ . -|- 0.045 

Wlience — 

e = + o^o7 

The comparison is with Hansen's tables, the mean right ascension of which is 
about 0^.06 or olo7 less than that of Le Verrier's tables. 

Tlie true value of e being of the forai af-{-p'T, eveiy separate determination of its 
value gives an equation of condition between x' and 7/. The following is the system 
of eqixations thus obtained. I have included the mean result of the Greenwich observa- 
tions for 1 868, 1 86g, and 1 8 70, which have been published since the appearance of the 
last Greenwich seven-year catalogue. The Eadcliffe results are omitted. 
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The weights have generally been assigned with reference to the entire number of 
observations on which each result depends, and also on tlie number of years over 
which the observations extend. But they have not been supposed to increase propor- 
tionally to either the time or the number of observations, so that, although the weight 
I would be assigned to the result of a single average year's work with the best instru- 
ments, the weight assigned to seven consecutive years' work by the same obser^'ers, 
and Tvith the same instruments, is much less than 7. On the same principle, greater 
proportional weight has been given to isolated deteiininations tlia;n to detei-minations 
founded on long series of observations. 



Observalions, 


Year. 




Years. 


Weighl, 


Bcssd's Bradley . 


1756 


X 


~ .64/= + .06 


7 


3 


Piazji 


1800 


X 


- 


20y 


= - 


08 


(? 


2 


Maskelyne 






1 805 


X 


„ 


ISJ' 


= ~ 


13 


2 


I 


Bessel I . 






rSi7 


X 


- 


03 r 


^ + 


05 


3 


2 


. Bessel 11 . 






1822 


X 


+ 


02 J- 


- 


00 


5 


4 


Pond . . 






1823 


X 


+ 


037 


= + 


07 


14 


4 


Struve 






182s 


X 


+ 


05/= + 


04 


5 4 1 


Argelander 






182S 


X 


+ 


osy = + 


06 


4: 


3 


Cambridge 






1835 


X 


-f- 


15/ = - 


03 


5 


2 


Edinburgh 






1838 


X 


+ 


18 y = + 


04 


4 


2 


Airy . . 






1839 


X 


+ 


igy rr ~ 


05 


6 


3 


Berlin . . 






1841 


X 


+ 


2iy = - 


07 


4 


2 


Cambridge 






■1841 


X 


+ 


2.y = + 


06 


5 


2 


Edinburgh 






1842 


X 


+ 


22y 


= - 


01 


4 


2 


Pulkowa . 






1845 


X 


+ 


25 J' 


= 


00 


8 


5 


Greenw!cli 






1845 


X 


+ 


25J 


- 


00 


6" 


3 


Cambridge 






1849 


X 


+ 


2qy 


= + 


06 


5 


2 


Greenwich 






r85i 


X 


+ 


31^ 


= + 


02 


6 ] 3 \ 


Cambridge 






1856 


X 


+ 


36 > 


= - 


or 


5 


2 


Greenwich 






1857 


X 


+ 


37J' 


7= - 


or 


7 


3 


Paris . . 






iSsg 


X 


+ 


391 


= 


00 


10 


4 


Greenwich 






1864 


X 


+- 


44/ 


= - 


02 


7 


3 


Washinglon 






,864 


X 


+ 


44 J- 


= + 


03 


4 


4 


Paris , , 






1865 


X 


+ 


45/ 


= + 


II 


2 


2 


Washinglon 






1867 


X 


+ 


47/ 


= + 


05 


4 


4 


Greenwich 


■■ ■ 


,! 18&9 

1 


x- + 


49/' = - 


03 


3 


3 



Treating these equations by the method of least squares, we are led to the normal 
equations— 

74 a/ -\- 14.9 ?/'= + I'.oa 
14.93;'+ 7.4^/'~+o^I7 
the solution of which gives — 

x' Ir-|-o^OI6 
/■=: — o^oog 



5— FS 
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34 RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

The common correction to he applied to the star-positions first deduced is there- 
fore — 

+ o^OI6 — .009 T 
T being the fraction of a century after 1820. Applying these constant corrections to 
the values of a; and y previously found, we shall have a set of corrections to the Ta- 
bulae Eegiomontanee which we may suppose to be free from all systematic error what- 
ever, at least so far as it is possible to free them with our existing data. 

§6, 

CORKECTIOSS FOR THE TEEMS MULTIPLIED BY THE SECOND A>fD THIRD 

POWERS OF THE TIME. 

We have hitherto proceeded on the supposition that the necessary corrections to 
tiie Tabulte RegiomontanEc increase uniformly with the time. But, on computing the 
co-eiEcients of the second and third powers of the time, in the expression for the mean 
right ascension of the star at any epoch, and comparing them with those found by 
induction from the mean places of the Tabulas Regioraontan^e, it is found that tliis sup- 
position is not correct. In fact, it appears that Bessel computed the second differential 
or secular variation of the aimual variation without taldng any account of the effect of 
proper motion, and that he considered it constant, thus neglecting the third derivative 
entirely. 

The following table shows, i, the secular , vaiiation of the precession actually 

employed in the Tabulse Regiomontanee ; 2, the adopted secular variation of the 

anmtal motion for 1800, computed from the co-efficients of Struve and Peters, using 

. Hill's formulae in the "Star Tables of the American epbemeris," page 19; 3, the 

resulting coiTection to the first value; 4, the variation of the secular variation in one 

d^ R A 
centurj^, or the value of - "^ ' , the unit of right ascension being o^'.ooi, and the unit 

of T one century; 5 and 6, the con-eotions to 3: and y necessitated by the addition of 
these terms to the positions of the Tabulae Regiomontanae. 

These last terms are derived as follows: Representing, for brevity, by a and b the 

corrections to Bessel's assmned values of — rn?— and — 7-nW-, the right ascensions of 

tlie Tabulae Regiomontanje should have received the coiTection — 

for the epoch of each catalogue before the comparison with the catalogue. T being 
here counted from 1 800, the values of Ci, Cg, etc., already given, would have been thus 
changed by the following amounts: 

Ci = — o.ioa + o-026 
Ca to Cj 



out 




03 « 




03 « 




03 « 




040! 




10a — 


.02 & 


20a — 


.04 & 


24fl — 


.06 & 
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CORRECTIONS FOR TERMS MULTIPLIED BY SECOND AND THIRD POWERS OK TIME. 35 

Substituting these valiies of c„ etc., in tlie expressions for a:: and y, (p. lo,) we find— 
z/^zz — .o8ffl~.oi& 
^y — — .I3« — .06& 
the vfdues of wliich are given in the last two colunms. 



Star, 


„ „ o^R. A. 


From Striive, 
(iSoo.) 






' 


.. 


^y 


7 Pcgasi .... 


+ 070 


+ 958 


- 


12 


+ 63 







a Arielis . 






+ 2010 


+ .99S 


- 


12 


+ 41 





- I 


a Ceti. . 






^ 970 


+ 959 


- 


II 


+ 14 


+ I 


4- I 


a Tiiuri . 






+ logo 


+ 1065 


- 


25 


- 39 


-h 2 


+ 6 


/5 Orionis. 






■f 430 


+ 407 


- 


23 


- 14 


+ 2 


4- 4 


P Taud . 






+ B90 


+ S62 


- 


2S 


- 95 


+ 3 




a Ononis. 






,-+- 310 


+ 303 


- 


7 


- 42 


4- I 


4- 4 


Canis Majoris 




+ 40 


~ 64 


- 


04 


- 11 






a Canis Miooris 




- 440 


- 5'5 


- 


75 


- 20 










- 12S0 


.- 1216 


+ 


4 


- 64 





4- 4 


a Ilydr^ . . 




- 150 


- 157 


- 


7 


+ 25 





- I 


a Leonis . 






- 1020 


- 1039 


- 


ig 


+ 37 


4- I 


" 


/3 Leonis . 






- 770 


- 7&S 


-[- 




+ 63 


- I 


- 4 


« Virginis 






+ II 20 


+• nil 


- 


9 


+ 50 




_ 2 


a Bootis , 






+ 120 


+ 202 


+ 


S2 


+ 44 


- 7 


- 13 


tt= Librae . 






+ 1550 


+ 1537 


- 


13 


+ 17 


+ I 


+ I 


t Coronas 






4- 240 


4- 238 


- 


12 


+ 17 


4- I 


4- I 


a Serpentis 






+ 630 


+ 609 


- 


21 


+ 5 


4- 3 


-h a 


Scorpii . 






+ 1570 


+ 1549 


- 


21 


- 56 


4- H 


4- 6 


a Herculis 






+ 370 


+ 353 


- 


17 


- 11 


4- I 


+ 3 


a Ophiuchi 






+ 350 


+ 344 


- 


6 


- 13 


4- I 


4- 2 


a Lyjie . 






+ iCo 


+ loS 


- 


52 


- 6 


4- 4 


4- 7 


y Aqiiils. 






- 80 


- 99 


- 


19 


- 5 


4- 2 


4- 3 


a Aquil^e. 






— 140 


- i3o 


- 


40 


- 7 


4- 3 


+ 5 


a Aqiiil^. 






- 150 


- 140 


■1- 


10 


- 8 


- 1 


- I 


a^ Capricorni 






- Sio 


- 834 


-' 


24 


- 18 


4- 2 


4- 4 


a Aquarii 






- 43a 


- 444 


- 


14 


+ 35 


4^ I 


° 


a Pegasi . 






+ 530 


4- 533 


- 


7 


+ 5& 




- 2 


a Andrdmcdro 




-1- 1770 


+ 1770 




" 


+ 83 


~ ' 


- 5 



The values of x and y, or the coiTection to the right ascension and annual varia- 
tion of the Tabulae Eegiomontanse for the epoch 1820, may now be found by adding 
to the values of those quantities already found (p. 1 7) the constants for correction of 
equinox + 16 and — g, and the corrections from the above table. After doing tliis we 
have, for convenience of application, transferred tlie epoch to 1800. Adding the 
co-efficients for the second and third powers of the time, we have the following values 
of the corrections in thousandtlis of seconds of time to the right ascensions of the 
TabulEe Regiomontante, where we put T = fraction of centiuy after 1800: 



Hosted by 



Google 



36 



RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

Corrections to Tahidm Megiomontanm. 



y Pegasi, ^ R.' A. : 


= + 26-i38T 


- 6T 


• + 


ioT» 


ix Arietis, 


- 3 + 157 


- 6 


+ 


7 


a Ceti, 


+ 33+ 8i 


— 6 


+ 




a Tauri, 


-3+90 


— 12 


- 


6 


Orionis, 


+ 41+ 27 


~ 12 


— 


2 


^ Tauii, 


+ 66-165 


-14 


— 


16 


a Ononis 


+ 24— 10 


— 4 


— 


7 


a Canis Majoris, 


+ 26+ 64 


-52 


— 


2 + ^ (Auwers) 


a Canis Minoris, 


— 27+ 127 


— 38 


— 


3 +3 (Aiiwei's) 


Geminorum, 


— 20+ 231 


+ 2' 


— 


1 1 


a Hydrae, 


-20+276 


— 4 


+ 


4 


a Leonis, 


— 29+216 


— 10 


+ 


6 


^ Leonis, 


0+ '93 


+ I 


+ 


10 


a, Virginia, 


-16+ 67 


— 4 


+ 


8 


a Bootis 


- 7+ 99 


+ 41 


+ 


7 


a^ Librs, 


+ 80—241 


— 6 


+ 


3 


a CoronsB, 


- 12+ 152 


— 6 


+ 


3 


a Serpentis, 


+ 48-136 


— 10 


+ 


I 


a Scorpii, 


+ 4i->3i 


— 10 


— 


9 


a Herciilis, 


-5+66 


^ 8 


— 


2 


a Ophiuchi, 


— 27 + 350 


— 3 


— 


2 


a Lyrse, 


+ 2+86 


— 26 


- 


1 


y AquilaB, 


+ 69— 194 


— 10 


— 


! 


a. AquilsB, 


+ 7+35 


— 20 


— 


I 


13 Aquilffi, 


+ 39—2)6 


+ 5 


— 


I 


a' Capricomi, 


-6-6 


— 12 


— 


2 


a Aquarii, 


-34+165 


- 7 


+ 


6 


a Pegasi, 


+ 9+ 18 


— ■ 4 


+ 


9 


a Andromedfe, 


-12 + 185 





+ 


H 



We liave here added tlie stars Sinus and Procyon to the list because Auwers has 
detemiined their iiTegular proper motions with sufficient accuracy to allow of their 
being used as standards of compaiison for a long time to come. The following are the 
details of the operations by which Aiiwers' results have been applied in the above 
table. 

TROCYON. 

By liis researches on tlie proper motion of Procyon, Auwers has found a certain 
con-ection, q, to its right ascension, defined as follows: Represent by q^, q^, etc., to q^, the 
several con-ections to be appHed to the right ascension of Procyon in Wolfers' "Tabulee 
Reductionum," in order that the respective differences between the corrected right 
ascension and the right ascensions of a Tauri, /3 Orionis, <x Orionis, /? Greminoi-um, a: 
ITydrEe, and a Leonis, given in the same tables, may be correct. Then Auwers puts — 

? = K?i + ?3 + ii + 1* + is + <h) 
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CORRECTIONS FOR TERMS MULTIPLIED BY SECOND AND THIRD POWERS OF TIME. 37 

It follows, tliat if we represent by ^i, ^3, etc., to Jq, the definitive corrections to Wolfers' 
positions of these six stars, the correction to Wolfers' position of Procyon will be — 

12^ + 2 
But this result reqiiires a small change arising in tliis way. Wolfers a,nd Atiwershave 
assumed that the corrections to the mean places of the Tabulae RegiomontanEe increase 
uniformly with the time. In other words, it is assumed by Auwers that 3 is of the 
form — 

P being the pui'ely periodic terms depending on tlie orbital motion. But, on examin- 
ing the values of the terms depending on the second and third powers of tlie time in 
the preceding table it will be seen that the correction is really of the form — 

^+^/^_o^o3IT^-|-P 
To detemiine rigorously the coiTection to q which would have been inti-oduced had 
Auwers taken account of the term in T^ would be difficult. Owing to the exfeeme 
minuteness of the con-ection, we assume tliat the effect of changing tlie term would 
correspond to the effect of a similar change in the equations used in this paper, or — 
^:r=:z/R. A. (1820)=: — .08 ffl = + 0^005 
^J/=:— .I5ff — — .13 X — 62 zr-|-o'-Oo8 
The correction to Auwci's will then be — : 

+ 3+8T^3iT« 
T being the fraction of a century after 1 800. 

The value of this' con-ection will bo only —.006 in 1755, a,nd will not exceed 
0^003 dm-ing the period 1800 to i860. 

We therefore conclude that the coi'rection to the position of Procyon given in the 
TabuliE Eeductionum is — 

^+3 + 8T~3iT--' + g 

It, remains to determine J. Subtracting Wolfers' coiTections to the positions of 
the Tabulae Kegiompntanfe, as found in the Tahu]£e Rediictionum, pp. xxxv, xxxvi, 
from the corrections given in the preceding table, it seems that our corrections to 
Wolfers' positions are as follows : 

6 T'^ 



a Tauii . ' . 


■ - 25 


-17T 


- 12 T" 


- 6 


/? Ononis 


- + 2 


— 61 


— 12 


— 2 


a Orionis 


- + I 


-99 


■ — 4 


- 7 


/? Geminoruni 


- —-35 


+ 15 


+ 2 


— 14 


a Hydi'te 


- —40 


+ 28 


— 4 


+ 4 


a Leonis 


- -47 


+ 51 


— 10 


+ 6 



Mean -' - - zf = - 24 - 14 T _ 7 T". - 3 T' 
The correction to Wolfers' position of Procyon is, tlierefore, 

_2,-6T-38T''-3T"+!, 
Adding Wolfers' correction to Bessel's position of Procyon, wliich is — 

-6 + 133T 
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38 RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

we have the result given in tlie table for the correction to the riglit ascension of 
Procjon in tlie TabnlEe ReglomontanEe. 



Auwers' coiTcction to tlie position of Sirius is given in- a form similar to that 
adopted for Procyon, but the stars of comparison ai-e /? Orionis, a Orionis, and Pi'O- 
cyon. The positions adopted for comparison are those of the Tabulse Eegioraontanis>, 
except that the right ascension of Procyon is first coiTCcted by the quantity — 



— o^o25 — o^ooI386 {t - 
r by the quantity — 



1825)— o^o705 cos 9'=':oo634,(;— 179557) 



_|_,o-i39T + P 

P being the periodic tciin. Tlio terms in the coiTection to the relative motion of Shius 
which depend 011 the second and third powers of the time are — 

-34T"+2T" 

and, reasoning as in the case of Procyon, we conchide that Atiwers' q should be cor- 
rected by the quantity — 

+ 4 + 9T-,54T'-|-2T" 

T)ie value of'tliis correction for different dates is — 



1760 
1780 
1800 
1820 
1840 
i860 
1880 



s. 
— , .005 
-|- .001 
-f .004 
+ .004 
-|- .002 

— .003 

— .010 



Irius in the TabuliB Ilegiomontanis is, 



The coi-rection to the right ascension of Si 
therefore, 

^ + 4 + 9T-34T»+2T' + j 

^ being tlie mean correction to the right ascensions of /? Orionis, a Orionis, and Pro- 
cyon, the latter star being', however, first corrected by the expression given above. 

Comparing this expression -with Auwers' q, (A. N. No. 1382, p. 62,) the value of 
which is — 

39 — 1 19 T — o^o705 cos n (t — T) 
we see tliat the prehminary cori'ection to the position of Procyon is — 
g— 29 -— 20 T 
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CORRECTIONS TO DIFFERENT CATALOGUES TO REDUCE THEM TO A MEAN SYSTEM, 30 

Subtracting this correction from the above correction to Procyon, taking the cor- 
rections to fi Ononis and a Ononis without change, and representing b j J^, J^, and 
^3 the individual coiTections to Auwers' assumed positions of the tlu-ee sta]'s of com- 
parison, we have — 



4= +41+ 27T~12T» 


-2T- 


4= + 24- 10-4 


-7 


4=+ 2 + 147 -38 


~ Z 


^ = + 22+ 55T~i8T= 


-4T^ 



Adding tliis to the expression which replaces Auwers' q^ we have the result gi^'eh 
in the above table. 

§7- 

CORRECTIONS TO DIFFERENT CATALOGUES TO REDUCE THEM TO A MEAN 
SYSTEM. 

Tlie preceding investigations have resulted in giving ns a set of 29 right ascen- 
sions, which we may suppose to be free from all systematic errors whatever, and of 
which we may suppose the mean accidental eiTOr to be much less than that of any one 
catalogue determination. We may, therefore, suppose any systematic differences which 
exhibit themselves between the right ascensions of any catalogue and those just obtained 
to be due to errors of the former, and from the entire body of the differences we may 
obtain the coiTection necessary to reduce It to the standard. This correction may be 
considered to consist of three pai-ts — 

1 . A constant, which we may consider as a coiTection to the adopted equinox. 

2. Periodic terms depending on the right ascension, which in all recent catalogues 
we may suppose to be of the form; — 

w, cos a-{-n sin a 
and to which terms of double period — 

. «/ cos 2 oi -\-n' sin 2 a 
may be added, if it be deemed necessary. In some of the older catalogues, especially 
in Bessel I, the tenns of double period appear to be quite sensible, but they ought not 
to be real in any modem catalogue. 

3. A term depending on the declination, wliich, within the limits in which the 
present investigations are applicable, may be regarded as proportional to the simple 
declination. In application, it might be better to suppose it proportional to the sine 
of the declination. The limits in question may be considered as 40° north declination 
and 30° south declination, but the correction in question will necessarily become 
uncertain as we approach eitlier Hmit. 

These three eoiTCctions have been obtained in the order in which they are num- 
bered, as follows: Eepresent by- — 



Hosted by 



Google 



40 RIGHT ASCENSIO,NS OF FUNDAMENTAL STARS. 

the several excesses of the standard right ascensions over those of the catalogne to be 
compared. The mean value of c. may tlien be taten as the correction for eqtunox, 
which we maj represent by e. Stibtract e from each individual c, and represent the 
residuals by c\, c'g, etc. The values of m and n may then be obtained in the same 
mannei' by which the periodic terms of the residuals of the separate catalogues have 
been obtained. But the addition of Sinus and Procyon to the list of stars will make 
a slight change in the equations, so that we shall have — 

i 1,9 m^2 c' (cos a — .03 sin a) 
I J. I n :^S p' (sin a — .04 COS a) 

The values of the coefficients — 

cos a — .03 sin a and sin a — .04 COH a 

for each star are given in the following table. 









" 




Co- efficient for— 




Star. 


cos 


a 


sin 






























II. 9 


■" 


17.1 


" 


a Andromeda: . . 


+ I 


.00 




00 


+ I 


00 


_ 


04 


7 Pegasi . . 




+ I 


.00 


+ 


03 


+ I 


00 


- 


01 


a Arictis 






+ 


.87 


+ 


50 


+ 


86 


-h 


47 


a Ceti . 






+ 


■73 


+ 


69 


+ 


71 


+ 


66 


Taiiri . 






+ 


■39 


4- 


92 


+ 


36 


+ 


90 


j3 Ononis 






+ 


.22 


H- 


97 


-i- 


19 


+ 


96 


^ Tauri . 






+ 


■ 'g 


+ 


98 


+ 


16 


+ 


97 


I. Orionis 






+ 


.06 


+ I 


CO 


+ 


03 


+ 1 


00 


a Canis Majoiis 




- 


.16 


+ 


99 


- 


=9 


+ I 


00 


CanisMinoris 




- 


■ 38 


+ 


92 


_ 


41 


+ 


93 


/5 Geminorun, . 




- 


.40 


H- 


qr 


- 


43 


+ 


93 


fl Hydr^ . . 




- 


■ 76 


+ 


64 


- 


78 


+ 


(•7 


LeoiiLS 




J - 


,S6 


+ 


5' 


~ 


83 


+ 


54 


fi Leonis 




~ 


.00 


+ 


09 


- I 


00 


+ 


13 


a Virginis 






- 


■95 


- 




- 


94 


- 


28- 


1 BooilB. 






- 


■BS 


- 


53 


- 


83 


- 


50 


□■' Libra; . 








.77 


- 


64 


_. 


7S 


- 


61 


a CoronseB 


realis 




- 


.62 


„ 


78 


- 


60 


- 


76 


.<! Scrpenlis 






- 


■59 


- 


81 


- 


57 


- 


79 


a Scorpii 




- 


■ 43 


- 


9" 


- 


40 


- 


S8 


a Herculi? 




■ - 


.23 


- 


97 


- 


20 


„ 


96 


a Ophiuchi 




; - 


.16 


- 


99 


~ 


13 


- 


9S 


a Lyr^ . 




1 4- 


.13 


- 


99 


+ 


16 


- I 


00 


y Aquil^ 






+ 


.41 


- 


91 


+ 


44 


- 


93 


a Aquila; 






+ 


.43 


- 


90 


+ 


46 


- 


92 


(3 Aquilje 






+ 


■45 


- 


89 


+ 


48 


_ 


91 


a' Capricorn 






+ 


■53 


- 


85 


+ 


56 


- 


87 


a Aquarii 






+ . 


.86 


- 


51 


-1- 


S8 


- 


54 


a Pegasi 






+ 


.g6 


- 


28 


+ 


97 


- 


33 
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CORRECTIONS TO DIFFERENT CATALOGUES TO REDUCE THEM TO A MEAN SYSTEM. 41 

Subtracting from each d the corresponding viiluo of — 

m cos a-\-n sin a 

the residuals ought to be ptu'ely accidental en-ors, unless thej are found to depend on 
tlie declination. In tliis case, if we suppose a term proportional to the simple declina- 
tion, we may represent it in the form — 



dx 



De( 



the zero of referenco being io° north for convenience, because that is nearly the mean 
declination of all the adopted standard stars, and the degi-ees of declination being 
divided by lo in order to have a more convenient factor. We may then find A by 
solving tlie equations of condition formed by putting the above expression equal to c" 
for each star. The following is a convenient and sufficiently accurate expression for d: 



60 (^ = + 2 c" of a Andromeda;. 


+ 1 . 


a Arietis. 


~ 1 . 


a Ceti. 


+ 1 . 


a Tauri. 


^ 2 - 


yS Orionis. 


+ 2 - 


/? Tam-i. 


— 2 . 


a. Canis Majoris 


+ 2 . 


fi G-eminoriim. 


— 2 - 


a Hydr.'E. 


+ 1 . 


/? Leoiiis. 


—. 1 . 


a Virginis. 


+ .1 ■ 


a Bootis. 


— 2 . 


0^ Libr^. 


+ 2 - 


a CorouEe. 


— 2 - 


a Scoqjii. 


+ 1 - 


a I-Iercalis. 


+ 2 . 


a Lyrje. 


— 2 . 


0? Cai^ricomi. 


— I . 


Aquarii. 



As an example of the method we may discuss the twelve-year series of Paris 
observations, extending fi'om 1856 to 1867. The different results are shown in the fol- 
lowing table. First we ^ve the mean correction to Le Vcrrier's fundamental cata- 
logue deduced from all the observations, using the mean results given in each volimie. 
Next we have the resulting corrections to Bessel. Subtracting the correction to Bessel 
for the mean epoch, we have the correction to the standard of this paper, or — c. The 
mean value of c is found to be 32, which is the value of e. Adding this, we have — d. 
6 — p s 
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42 RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

From tlio values ol d ^\'e find — 

'tn — -}- 20 

«= — 23 
Adding 20 (;os a — 23 sin ", we have c". From c" we have-— 

Applymg 9 -— ^' ~ ^° to — c" we have r, or the definitive coirectioiis to the standard 
given by tlio Paris obsorvatioivs. 





Correct! 


.ns to- 










Computed 










Star. 






- 


c 


- 


^ 


periodic 


- 














LeVeiTicr. 


Tab. Reg. 










terms. 










a AiKlramcdic . . 


- 15 


+ 57 


_ 


47 


_ 


IS 


+ 20 


+ 


5 


+ 


21 


y PogasL , . . 


- 16 


- J27 


- 


69 


- 


37 


+ 20 


- 




- 


'3 


a Arietis 




- 31 


+ 33 


- 


57 


- 


25 


+ 5 


- 


20 


- 


8 


a Cetl . 




+ 34 


+ 53 


- 


27 


+ 


5 


- I 


-1- 




- 


2 


a Tauri . 




- 25 


+ 49 


+ 


3 


4- 


35 


- 13 


+ 




+ 


27 


;? Ononis 




+ $2 


+ 7& 


+ 




+ 


55 


- 18 


4- 




+ 


21 


g Taur! . 




- 6 


- 59 


- 


la 


+ 


14 


- ^9 


- 




+ 




Ononis 




+ 16 


+ 13 


- 


3 


-h 


29 


_ 22 


+ 




+ 




a Canis Majoris . 


(- 228) 


+ 39 


- 


4 


+ 


28 


- 26 


+ 




- 




Caijis Miiiuris . 


(+ SI) 


+ 37 


- 


4 


+ 


28 


- 29 


- 




- 




^ Geminorum . , 


- 6 


+ 92 


- 


24 


+ 


8 


- 2g 


- 




- 




a Hydrze . . . 


+ 6t 


+ 157 


+ 


12 


+ 


44 


-- 3" 


+ 




- 




n .Leonis ." , . 


+ 20 


+ gS 







+ 


33 


- 29 


+ 




+ 




ji Leonis . . . 


+ 4 


+ 86 


- 


32 







- 22 


- 




- 




a Virginis . . . 


+ 28 





- 


24 


+ 


3 


- II 


- 




- 




a Bootis . . . 


+ 7 


+ 30 


— 


39 


- 


7 


- 4 


~ 




- 




a' Librae .... 


+ 23 


~ 66 


+ 


I 


+ 


33 




+ 




+ 




a Corona . . . 


- 25 


+ i3 


- 


60 


- 


28 


+ l> 


- 




- 




-. Serpentis. . . 


+ 28 


- 74 


- 


36 


^ 


4 


+ 7 


+ 








« Scorpii . . . 


+ 4(> 


- 36 


+ 


6 


■ + 


3S 


4- 13 


+ 




+ 




1 Hcrculis . . . 


- II 


- 27 


- 


59 


- 


27 


+ 18 


- 




- 




a Opliiuclii . . . 


- I 


-!- 146 


- 


37 


- 


5 


+ 20 


+ 




+ 




a l.yrx . . . . 


- 63 


- 43 


- 


93 


^ 


61 


+ 25 


- 




- 




7 Aquila. . . . 


- 5 


- 113 


- 


63 


- 


31 


+ 29 


- 




- 




a Aquil^ . . . 


- 24 


- 44 


- 


65 


- 


33 


+ 29 


- 




- 




ft Aquilffi . . . 


+ 6 


- 14B 


- 


60 


- 


2S 


+ 29 


+ 




- 




(!'' Capricoriii , . 


+ 36 


_ 4g 


- 


33 


- 


I 


+ 30 


+ 


29 


+ 




a Aquari! . , . 


+ 10 


+ 9 


- 


55 


- 


23 


-+■ 29 


H- 


6 


- 




« P.^gasi . . 


- 42 


- 42 


- 


62 


- 


30 


+ 25 


~ 


^ 


~ 





The systematic corrections obtained in this way for a nnmber of catalogues are 
given ill the following list. The year attached to each catalogue is tlrat to which it is 
reduced. Systematic corrections much smaller than th^ accidental errori's of the cata- 
logue may generally be omitted entirely. 



Hosted by 



Google 



CORRECTIONS TO DIFFERENT CATALOGUES TO REDUCE THEM TO A MEAN SYSTEM, 



AUWERS' BitADLEY, (i755.)* 
^=1— 0^010 + o^oo3 COS a. — o^.oo'j sin a 
Thfj mean value of the periodic terms being less than one-third the probable error 
of the individual star-places, tliey may be, neglected entirelj. 



Bessel's Fumdamenta, 1755. 
z? — — o'.oi 



De Zach's Fixaeum Pr^cipuarum Catalogus Novus ex obseevationibus astrono- 

MICIS IN specula ASTRONOMICA GotHANA AnHIS 1787, 1788, 1789, 1790, HABITIS 
ET AD INITiUM ANNI MDCCC. CONSTRi:CTIS. 

, IS/- R T)«C- — 10° 

J — -\- o^36 — olo3 — - 



PlAZZI, 1800. 

Dec. — 10" 



J ^=L-\-0^.lO-\-0''.02% 



MASKliLYNE, (1805.) 

Catalogue in vol. 4 of his observations, second part, p. 1 12. 

^ , s , R , a ^ • s Dec — 10° 
^ = -|-o^l45 -f-o^OI9eos<l;-f o^oo6 sm « — o^OI2 5— - 



AuwERs' Cacciotoee, (1805.) 
— o^oo6 — o^oIO cos « — o^o33 sin o: 



Bessel's First- Fundamental Cataloglti;, (1815.) 
^ = — o''.03 7 ■— o".03 7 COS a -\- o'.03 7 sin a. 



Bessel's Second Fundamkntal Catalogue, (1825.) 
.t^ r= -f- 0^020 — o*.oo5 cos a -\- oloio sin a 



Striive, (1825.) 



*AuwerB' catalogue being still unpublislieditliis correction must be understood as apidioaWo only to the pre- 
timiuary catalogue, in ivbicli do cotrectioo to Bessel's equinox liaa been determined or applied. 
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RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 



Beinkley, (1824.) 

z/ = -|-0^I50 



Argklandee, (1830.) 
^ = + o^oi 7 ~ o'.oo6 ^'^''■~^°'' 



Gtilliss's First Washington Catalogue, 1840. 

(From observations made at the old Naval Observatory dimng the years 1838-43. Wash- 

inyton, 1846. 8vo.) 

z/ = + olo32 cos.a — o^028 sin a. 



Pond, 1830. 
^ = — o^o56 — o^oI5 sin tx 
(For stars in aoutli declinsition tlio additional positive correction o^ooI5 X^outli 
declination in degrees is strongly indicated.) 



Aiey's Cambridge Catalogue. 
In the M&noirs of the Royal Astronomieal Society, vol. XL 
^ =. — o^024 — o'.oi8 sin 2 a 
(The teiin of double period, though a priori somewhat improbable, is strongly 
indicated by the comparisons.) 



Taylor, (1835.) 

General catalogue of the principal fixed stars frmi observations made at the honorable the 

East India Company's observatory at Madras in the years 1830-1843. 

^■=z. — o^047 + o^023 cos a -|- o^ooI i — - ~ ^° ■ 

10° 

The last tei'm is far within the probable error of the catalogue-positions. 



GrEEENwicH I 2-Year Catalogue. 

Catalogue for 1840. 

^ =I-|-o^o67 -|-o\oi4 cos a — 0^034 sin a 

Catalogue for 1845. 
^ — + o^oi9-|-o'.oo7 cos a — 0'^.02^ sin a 
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corrections to dirferent catalogues to reduce them to a'mean system. 45 
Eobinson's Armaoh Catalogue, (1840.) 

^ rr -f 0''.020. 

(No positions of fundamental stars are given in tliis catalogue. The correction 
has, therefore, been derived from a comparison of all the stars south of 45° north polar 
distance which are common to Armagh and the Grreenwich 6- Year Catalogue for 
1 840, and observed at least five times at each observatory. The differences between 
these catalogues were corrected for the error of the Greenwich catalogue, and the out- 
standing differences were presumed to be due to error of the Armagh catalogue.) 



PuLKOWA,. (1845.) 
J — -fo'.oig 



Radcliffe Catalogue, 1845. 

J :=. — o'.oo9 -|- 0^.047 cos a. — 0^020 sin a 

(The positions of the fundamental stars in this catalogue give the correction — 

^ i^ + o^oOI -j- 0^055 cos a — o'.o2 1 sin a 

In the introduction to the catalogue, Mr. Main gives a comparison of this catalogue 

with Grreenwich, 1845, from which I derive — 

Grreenwich — Eadchffe =: — 0^O38 -\- o^032 cos a -f o^'.oos sin a. 
Adding the Greenwich correction, this 'will ^ve, for RadclifFe, 

^ zz — O^OI9 -j-0^039 cos a — 0^020 sin a 
The mean result has been adopted.) 



Greenwich 6-Yeae Catalogue, (1850.) 
^ = — o^oo3 + o^OI I cos a ~ o\o23 sin a 



Greenwich 7- Year Catalogue, (i860.) 
'^ = -j- o".oi4 -|-o".oi4 cos (K — o^OI2 sin o: 



Greenwich 7- Year Catalogue, (1864.) 
^ = -|-o^033 -f-o^oroc08 a — o^OIo sin a 



z/ = 



Paris Annual Catalogues, 1856-67. 

Dec 

- 0^.032 -j- 0^.020 cos a — o^o23 sm a -f- o^oo9 - -■ - 



Washington "Positions of Fukoamental Stars," (1870.) 

(In Appendix III to the Washington Observations for 1867.) 

J z= — 0^024 
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RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 



Washington Annual Eesults of Orsfrvations with the Old Teansit-Insteument, 

(i862-'65.) 

^ -\-=L o^oo6 4- o^o2 1 COS « — o^024 ain a 



Washington Annual Results op Observations with the Transit Circle, {i866-'72.) 
^ = + olooS 

Those of the above corrections wMch form a considerable part of the probable error 
of the catalogue-positions are tabulated in the following tables. In the corrections 
depending on the declinations the constant term is included, except for Paris, where it 
is included in the first table. 



Correctiofis to different catalogues 



t the right 



R.A. 


Airy's 


Taylor's 
Madras 
catalogue. 


..V..«...w.„c....o™^. 


Paris annual 
catalogues, 
i855-'67. 


Radcliffe 
caialo lie, 

1845. 


1340. 


'845. 


1850. 


i860. 


IB64. 


'. 


- ^02 


- ^'02 


+ .0S1 


+ 


026 


+ .008 


+ .028 


+.043 


+ 


053 


4- .04 


I 


- 


03 


- 


02 


+ 


072 


+ 


020 


+ 


002 


+ 


OS5 


+ 


040 


4- 


045 


■1- 


03 


2 


- 


04 


- 


03 


+ 


062 


+ 


013 


- 


005 


+ 


021 


4- 


037 


4- 


037 


+ 


02 


3 


- 


04 


- 


03 


+ 


053 


+ 


006 


^ 


on 


+ 


0!5 


+ 


033 


+ 


030 


+ 


or 


4 


- 


04 


- 


04 


+ 


045 


+ 


001 


- 


017 


+ 


010 


+ 


029 


+ 


022 


- 


or 


S 


- 


03 


- 


04 


+ 


03 B 


- 


003 


- 


022 


+ 


005 


+ 


026 


4- 


015 


- 


02 


6 


- 


02 


- 


05 


+ 


033 


- 


006 


- 


026 


+ 


002 


+ 


023 


+ 


OOIJ 


- 


03 


7 


- 


02 


- 


0; 


+ 


030 


- 


007 


- 


02a 







+ 


021 


4- 


005 


- 


04 


3 


- 


01 


- 


06 


+ 


031 


- 


007 


- 


028 


- 


003 


-h 


019 


+ 


002 


- 


05 


9 


- 


01. 


- 


06 


+ 


033 


_ 


004 


- 


027 


- 


004 


+ 


org 


+ 


002 


- 


06 


10 


- 


01 


- 


07 


+ 


038 


+ 


001 


- 


024 


_ 


004 


+ 


019 


4- 


003 


- 


06 


■I 


- 


02 


- 


07 


+ 


044 


+ 


006 


- 


020 


- 


003 


+ 


02r 


+ 


007 


- 


06 


12 


- 


02 


„ 


07 


+ 


053 


+ 


012 


- 


014 







+ 


033 


+ 


012 


- 


06 


13 


- 


03 


- 


07 


+ 


062 


+ 


018 


- 


oo3 


+ 


003 


+ 


026 


4- 


019 


- 


05 


14 


- 


04 


- 


07 


+ 


07a 


+ 


025 


- 


001 


+ 


007 


+ 


029 


4- 


037 


- 


04 


15 


- 


04 


- 


06 


-h 


OSl 


+ 


032 


-h 


005 


+ 


013 


+ 


033 


+ 


034 


- 


03 


i6 


- 


04 


- 


oG 


+ 


oSg 


+ 


037 


+ 


016 


+ 


01 3 


.+ 


037 


+ 


042 


- 


02 


17 


~ 


03 


— 


05 


+ 


ogG 


+ 


041 


+ 


016 


+ 


023 


■+ 


040 


+ 


049 




00 


i8 


_ 


02 


- 


05 


-h 


lOI 


+ 


044 


+ 


020 


+ 


026 


+ 


043 


4- 


055 


4- 


or 


19 


- 


03 


- 


04 


+ 


104 


+ 


045 


+ 


023 


+ 


023 


+ 


045 


+ 


059 


4- 


02 


20 


- 


01 


- 


04 


+ 


103 


4- 


045 


+ 


022 


+ 


031 


+ 


047 


4- 


062 


4- 


03 


21 


- 


01 


- 


03 


+ 


lOI 


+ 


042 


+ 


021 


+ 


032 


+ 


047 


4- 


062 


+ 


04 


22 


- 


01 


- 


03 


+ 


096 


+ 


037 


+ 


01 3 


+ 


032 


4- 


047 


4- 


061 


4- 


04 


23 


- 


02 


- 


02 


+ 


090 


+ 


033 


+ 


014 


+ 


031 


4- 


045 


+ 


057 


+ 


04 


24 


- 


02 


- 


oz 


+ 


081 


1 


026 


+ 


008 


+ 


028 


+ 


043 


+ 


052 


4- 


04 
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DEFINITIVE RIGHT ASCENSIONS OF THE FUNDAMENTAL STARS. 
Corrections depending on the decUnaiion. 



Dtc. 


N.P. D, 


iSoo. 


Still ve, 
Poait, Med. 


Argelander, 
1S30. 


Paris animal 
calalcigues, 
l856-'63. 


-t-40 


; 


+ .iS 


+ .00 


-:;o. 


+ -027 


35 


55 


+ 


17 


.OCXI 


+ 


002 


+ 


023 


30 


Co 


+, 


:6 


- .004 


4- 


005 


+ 


018 


25 


s 


+ 


H 


— .008 


+ 


ooS 


4- 


014 


20 


70 


+ 


13 


- .012 


+ 


on 


+ 


009 


IS 


7S 


+ 


IT 


- .016 


+ 


014 


+ 


004 


10 


80 


+ 


10 


- ,020 


+ 


017 







+ 5 


H 


4- 


09 


- .024 


■V 


020 


- 


004 





90 


■\- 


07 


- .028 


-V 


023 


- 


009 


- 5 


95 


+ 


oG 


- .032 


+ 


021 


- 


014 


-10 


100 


+ 


04 


— .036 


+ 


oag 


- 


018 


--15 


105 


+ 


03 


- ,040 


+ 


032 


- 


022 


-2Q 


no 


+ 


02 


- ,'144 


+ 


055 


- 


027 


-25 


i'5 




00 


— .O4S 


+ 


033 


- 


032 



DEFINITIVE EIGHT ASCENSIONS OP THE FUNDAMEUTAL STAES. 

Applying tliese corrections to the catalogue-positions, we may deduce definitive 
con-ections to the individual right ascensions of the stars under consideration. If, in 
doing this, we employed only the catalogues used in the first determination, and 
assigned the same relative weights as in the first discussion, we should reproduce the 
right ascensions already found. But tlie weights were fiirst assigned solely with respect 
to the probable freedom of the catalogue from periodic error's dependent on the right 
ascension, while, after elimination of these errors, they should be assigned with respect 
to the purely accidental errors of the determinations, and this change of weights will 
make a small change in the individual definitive positions. We can also add a number 
of catalogues not employed in the preliminary determination, particularly the Green- 
wich and Paris catalogues, which will add considerably to the precision of the results. 

The details of the process, are shown in the following tables. Under each star is 
^ven, in the first column, tlie diiference of excess of catalogue-place, corrected for sys- 
tematic en-or over the standai'd place already deduced. 

In two cases several catalogues of small weight have been combined, as the 
exhibition of the individual results of each catalogue would not he of interest The 
first set are the catalogues of — 

Piazzi 1800, weig'ht i 

Maskelyne .... 1805, weight 2 
Aiiwers' Cacciotore . . 1805, weight 2 

Bessel i8^5- weight i 

wliich have been combined into a single result for the mean date 1807. The moan 



Hosted by 



Google 



48 RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

eystomatic coiTection was, so small tliat only the coiTection for equinox was actually 
applied. The next case was Airy's Cambridge catalogue and Pond's general catalogue, 
which were comhined into a single result 

No corrections depending on the declination have teen applied, except in the case 
of Paris and Argelander. 

Under the titles Greenwich, 1869, and "Washington, 1869, are given the mean 
results of the Greenwich and Washington ohservations for the yeai-s 1868, 1869, and 
1870, without any coiTection for periodic error. 

The weights assigned are constant for each catalogue, except in the case of 
Bradley, where the weight 2 was assigned to results depending on more than 100 
observations, and i to those depending on less. The adopted weights and general 
solution are as follows, the time T being reclconed from 1845 '■ 



No. 


Calaloguc. 


Date, 


Weight. 


T' 


c. 


C'\ 


• C'jr 


C"y 


I 


Bradley 


I7S5 


I or 2 


- .t)0 


■03s 


' .054 


_ 


46 


- -&3 


2 


Combined catalogue 




1607 


I 


- 


33 


.029 


.024 


- 


20 


- 


H 


3 


Besselll. . . . 




1823 


2. 


- 


22 


.055 


.^8 


- 


24 


- 


16 


4 


Stmve. . . . 






iSa; 


I 


- 


2r 


.027 


.023 


- 


11 


- 


07 


S 


Argelander . . 






iSaS 


4 


- 


17 


.loS 


.ogS 


- 


39 


~ 


24 


G 


Pond and Airy . 






1S30 


I 


- 


15 


.026 


.023 


- 


08 


- 


05 


7 


Greenwich . . 






1839 


2 


- 


06 


.050 


.048 


- 


OS 


- 


05 


's 


Greenwich . . 






1845 


2 







.049 


.048 


- 


02 







9 


Pulkowa . . . 






1S45 


4 







.ogS 


.095 


- 


05 







10 


Greenwich . . 






l8si 


3 


+ 


06 


.072 


.071 


+ 


05 


4- 


06 


11 


Greenwich , . 






1857 


3 


+ 


12 


.070 


.071 


+ 


14 


+ 


r2 


13 


Paris .... 






1862 


4 


+ 


17 


.092- 


-095 


+ 


25 


+ 


21 


13 


Greenwich . . 






1864 


4 


+ 


19 


.ogo 


■ 095 


+ 


33 


+ 


26 


14 
"5 


Washington , . 
Greenwich . . 






186s 
i86g 


5 


+ 


24 


■041 


.047 


+ 
+ 


44 


+ 
+ 


35 

17 


16 


Washington . . 






laeg 


" ^ 


+ 


24 


.044 


.047 


+ 


21 


+ 


17 



The equations given by the several catalogues, when solved by least squares, lead 
to tlie result that — 

z/R. A.for i845=z^C^X»- 
^ Ann. variation = ^ Oy X *■ 
r representing tlie correction given by any catalogue, and C^, Cj, factoi-s constant for 
each catalogue, except that there will be two systems of these factors, the one corre- 
sponding to the stai'S for which the results of Bradley's observations receive the weight 
I, the other to those in which they receive the weight 2. The former are designated 
by one accent, the latter by two. In the case of C ^ the differences are so minute that a 
single mean value has been actually used. 

In the column r', under each star, is given the outstanding residual, sifter subtract- 
ing the concluded correction — 

zi x-\-r J^l 

Sinus and Procyon are included only for the sate of compai-ison. No correction 
to Auwers' places is indicated. 
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a Androm. 


y Pegasi. 


a Aiietis. 


a Cell. 


a Tauri, 


i(3 Ononis. 


No. 


Catalog 11 tt. 


Year. 












































t' 




r' 


'' 


'■' 


'' 


/ 


"■ 


r' 


'■ 


/ 


I 


Bradley .... 


1755 


+ 15 


+ 12 


-ag 


-49 


+ 9 


+ 4 


+ 32 


+ 45 


+ 24 


+ 17 


+ 3 


+ 6 


2 


Combined catalogue 


ISO? 


+ 9 


+ 4 


+ 23 


+ 17 


- 12 


- II 


- 24 


- 20 


- 6 


- 18 


- 7 


- 4 


3 


Besselll .... 


r823 


- 12 


- 18 


+ 27 


+ 25 


- 12 


- 10 


-30 


- 29 


+ 5 


- 8 


- 25 


- 22 


4 


Struve . . . 






I3Z4 


- 61 


-67 


- 1 


~ 3 


+ 2 


+ 5 


+ I 


4- 3 


-15 


- 28 


+ 53 


+ 56 


5 


Argelandec . 






1828 


+ I 


- 5 


+ IS 


+ 14 


- 8 


- 5 


- 10 


- 10 


+ 2 


- II 


- 10 


- 7 


6 


Pond and Airy 






1830 


+ 27 


+ 20 


+ 40 


+ 40 


+ 2 


+ 5 


-28 


-38 


+ 22 


+ 8 


- II 


- e 


7 


Greenwich. . 






1839 


+ 26 


+ 19 





+ 2 


- 28 


- 24 


+ 40 


+ 38 


+ 42 


+ 28 


- 13 


- 10 


s 


Greenwich . . 






184s 


+ 6 


- I 


- 14 


- IT 


+ 33 


+ 28 


- 23 


- 26 


+ 44 


+ 29 


- 3 





9 


Pulkowa . . 






iS4S 


+ 8 


+ I 


- 3 





+ 14 


+ 19 


+ 4 


+ I 


- 10 


- 35 


+ 6 


+ 9 


10 


Greenwich . . 






iSsi 


+ 23 


+ 15 


- 7 


- 2 





4- 6 





- 4 


+ 21 


+ 6 


- 2 





ii 


Greenwich . . 






1857 


+ 28 


+ 20 


- 2 


+ 4 


- 9 


- 3 


- 14 


- 19 


+ 18 


+ 2 


- 26 


- 24 


13 


Paris . . . 






1862 


+ 2r 


+ 13 


~ 13 


- 5 


- 8 


- I 


- 2 


- 7 


+ 37 


+ II 


+ 21 


+ 33 


13 


Greenwich. . 






18Q4 


+ g 


+ I 


- iS 


- 10 


- 6 


4. I 


+ 8 


4- 2 


+ 19 


+ 3 


- 4 


- 3 


14 


Washington . 






1865 


+ I 


~ 7 


- 13 


- 4 


- 7 





+ 21 


+ 15 


+ 14 


- 3 


- 4 


- 2 


15 


Greenwich. . 






1869 


4- z 


- 6 


- 21 


- ir 


- 30 


- 23 


- 10 


- lO 


+ 26 


+ 9-14 


- 12 


l6 

No. 


Washinglon . 






1B69 


-22 


- 30 


I=l„_ 


+ 9 


-.0 


~ 3 


+ 43 


+ 37 


+ II 


- 6 


+ 6 


+ 8 


Catalogue. 


Year. 


^Tauri. 


a Odonis. 


aCanisMaj. 


aCanisMin. 


^ Gcmin. 


0. Ilydr^e. 


I 


Bradley .... 


1755 


+ 4 


+ Z 


- 9 


- 9 












+ Jl 


+ 7 


_ 5 


-12 


a 


Combined catalogue 


1807 


+ 32 


+ 25 


+ 27 


+ 26 










- 4 


- 6 


~ 2 


- 4 


3 


BesscIII .... 


1323 


- 4 


- 12 


+ 2 

















- 12 


- 13 


- 23 


- 24 


4 


Struve . . . 






1834 


-22 


- 30 


- 14 


~ 16 














- 23 


- 34 


+ 25 


+ 24 


S 


Argelandcr . 






iSzS 


+ 3 


- 6 


+ 14 


+ 12 






- 17 






+ S 





- r 


+ 10 


+ 10 


6 


Pond and Airy 






1830 


+ 15 


+ 6 


+ 32 


4-30 






+ 5 






+ 14 


+ 10 


+ 9 


+ 48 


+ 48 


7 


Greenwich . . 






1839 


- 4 


- 14 


+ 4 


+ 2 






-t- 2 






~2,[ 


+ 11 


+ II 


- 15 


- 14 


S 


Greenwich . . 






1845 


+ 6 


- 4 


- S 








— 6 






+ 13 


+ 3 


+ 3 


+ 3 


+ 4 


9 


Pulkowa . . 






1845 


+ 14 


+ 4 


- 13 


-15 














-1- 6 


+ 6 


+ 5 


-V 6 


lo 


Greenwich. . 






1851 


+ 17 


+ 6 


- 5 


- » 






+ 4 






+ 2 


- 3 


- 3 


~ 6 


- 4 


n 


Greenwldi. . 






1857 


+ 34 


+ 23 


+ 3 








-h 12 






- 12 


+ 7 


+ 7 


- 4 


- I 


12 


Paris , . . 






1S62 


+ ii 


- I 


+ 4 


+ I 






„ ,1 






- 6 


- 5 


- 5 


- 2 


+ i 


13 


Greenwich . 






1864 


+ 16 


+ 4 


+ 16 


+ 13 






- 17 






-V 7 


+ 6 


+ 7 


- 3 


~ 3 


14 


Washington . 






1B6S 


- 14 


-26 


+ I 


- 3 






+ ifi 









- 11 


- 10 


- 12 


- 9 


IS 


Greenwich . . 






1869 


+ 36 


+ 34 


+ 2 


- ! 






- 3 






+ 23 


+ 9 


+ 10 


+ 26 


+ 30 


i6 


Washington . 






1869 


+ 19 


+ 7 


-h 1 


- 2 






+ I 






"" 


- 7 


- 6 


-23 


- '9 
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No. 


Catalogue, 




a Lconis. 


/9 Leonis. 


(1 Virginis. 


a Bootis. 


n' LiblK. 


Corona!. 






































r 


!-' 


'■ 


r' 






r 


j' 


'" 




J 


Bradley .... 


r755 


+ 12 


-+- 6 


+ 1 


+ !I 


- 5 


- 13 




- 6 


- 7 


rr 


+ 5 


-II 


2 


Combined catalogue 


i8q7 


- 2 


- 8 


+ 10 


+ r? 


- 2 





+ "5 


+ 3 


+ 3 


- r 


- 23 


- 35 


3 


Bessd il . . . . 


1823 


+ r 


- 5 


- 26 


- 20 


+ 22 


+ 27 


- 3 


- 3 


- 3 


- 3 


- r 


- 5 


4 


Struve .... 




1824 


- 4 


- 10 


- 12 


- 7 


- 16 


- 10 


- 17 


- 17 


-19 


- 24 


+ 30 


+ 26 


5 


Argelander . . 




1828 


- 8 


- 14 


- 2 


+ 3 





+ 6 


_ g 


- 9 


+ 19 


+ 13 


+ 9 


+ t 


6 


Pond and Airy 




1830 


- 9 


- 15 


- 3 


+ a 


- 15 


- 8 


- 6 


- 6 


+ 26 


+ 20 


4-16 


+ 13 


7 


Greenwich . . 




1839 


+ 38 


+ 32 


- 10- 


- G 


- 15 


- 6 


+ 24 


+ 25 


+ 28 


+ 23 


- 5 


- 6 


8 


Greenwich . 




E845 


+ ri 


+ 5 


- 30 


- 26 


- 15 


- 5 


+ 6 


+ 7 


+ 30 


+ 24 


+ 9 


+ 9 


9 


Pulkowa . . 




1845 


+ 2 


- 4 


+ 6 


+ 10 


+ 8 


+ 18 


+ 10 


+ II 


- II 


- 17 


_ 2 


- 2 




Greenwich . . 




135 1 


+ (J 


+ I 


-h 4 


+ s 


- 16 


- 5 


+ 15 


+ 16 


+ 4 


_ 2 


4-28 


4- 28 


II 


Greenwich . . 




1857 


+ 16 


+ II 


- 1 


-V 2 


-36 


-24 


+ 8 


+ 10 


- 9 


- 15 


+ 15 


+ 17 


la 


Paris . . . 




1862 


+ 6 


+ I 


- 17 


- 14 


- 21 


- 8 


- 2 





+ 10 


+ 3 


- 7 


- 5 


13 


Greenwich . . 




1864 


- 5 


- ro 


+ 5 


+ 8 


- 22 


- 9 


- 6 


- 4 


+■ 16 


+ 9 





+ 3 


14 


Washington . 




1865 


+ 5 





- 3 





+ I 


+ 15 


- 12 


- 10 





- 7 


- r8 


- 15 


15 


Greenwich , , 




1869 


+ n 


+ 6 


+ 12 


4- r4 


- 2r 


- 7 


- 19 


- 16 


+ 10 


+ 3 


— 10 


- 6 


i6 


Washington . 




i86g 


+ 6 


+ 1 


- 5 - 3 


-14 


° 


-10 


- 7 


+ 20 


+ 13 


-25 


-21 


No. 


Catalogue. 


Year 


a Serpcntis. 


.S»p„. 


a Ilerculis. 


a Ophiuchi. 


a Lyr^. 


y Aqiiil*. 


I 


Bradley . . . . 


r?55 


+ 5 


+ I 


- 25 


- 8 


+ ir 


+ 10 


+ 14 


+ l6 


+ 2 







- 4 


3 


Combined catalog ue 


1807 


- 44 


-46 


+ 27 


+ 36 


-38 


-^40 


- '9 


- 23 


+ 14 


+ 14 


- 2 


- 4 


3 


Bessel II ... . 


1823 


+ 6 


+ 5 


+ 12 


+ i3 


+ !2 


+ 9 


- 32 


- 37 


+ 3 


+ 4 


- I 


- 2 


4 


Struve . . . 




1824 


+ 38 


+ 37 


4-15 


+ 22 


+ 33 


+ 35 


+ 40 


+ 35 


-45 


-44 




+ 9 


5 


Argelander . 




r823 


+ rl 


+ 10 


- 13 


- 7 


+ 6 


+ 3 


+ 10 


+ 4 


- 21 


— 20 


+ 14 


+ 13 


6 


Pond and Airy 




. 1830 


+ 23 


+ 23 


-35 


-30 


-29 


-32 


+ 3 


- 3 


- 7 


-- 6 


-20 


- 21 


7 


Greenwich . . 




1B39 


- 24 


-24 


+ I 


-h 5 


- 4 


- 7 


+ 18 


+ II 


+ 3 


+ 5 


+ 3 


+ 2 


8 


Greenwich . . 




r845 


-h I 


+ r 


+ 28 


+ 31 


- r8 


- 21 


+ 12 ; + 5 





+ 2 


- 5 


- 5 


9 


Pullrowa . . 




■B45 


- 3 


- 3 


- 15 


_ 12 


-19 


- 22 


- 17 


- 24 


+ i3 


+ 21 


+ 8 


+ 8 


lo 


Greenwich . . 




1851 







- 37 


- 35 


+ 22 


+ 18 


+ 3 





+ 21 


+ 24 


- 18 


- 18 


11 


Greenwich . . 




1857 


- 4 


- 3 


- 10 


- 8 


+ 33 


+ 29 


+ 24 


+ 15 


+ 17 


+ 20 


+ ro 


+ 10 


12 


Paris . . , 




1S62 





+ r 


+ 18 


+ ig 


- 4 


- 8 


+ 18 


+ 9 


- 10 


- 7 


- 2 


- 2 


'3 


Greenwich . , 




1864 


+ 1 


+ 2 


- 5 


- 5 


+ 18 


+ 14 


+ 22 


+ 13 


+ fi 


+ 9 


- 12 


- 12 


14 


Washington . 




1365 


- 4 


~ 3 


+ 16 


+ 16 


+ I 


- 3 


+ 6 


- 4 


- 5 




+ 5 


+ 5 


'5 


Greenwich . . 




i86g 


~ 6 


- 5 


- 13 


- 13 


4- ro 


+ 6 


+ 10 





- 26 


-23 


- iS 


- 18 


t6 


Washington . 




1869 


+ 7 


+ 8 


-18 


-18 


- 3 


~ 7 


- ^ 


-13 


- 34 


- 31 


+ 19 


+ 19 
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Residual corrections given by catalogues. 









a Aquiia;. 


/5Aq 


nil.. 


(i- Capricorn; 


« Aqitarii. 


n Pegasi. 




No. 


Catalogue, 


Year. 
















































/ 


'■ 


/ 


'■ 


1' 


r 


/ 


r 


(^ 






I 


Bradley .... 


1755 


- 9 


-II 


- 7 


- 9 


-21 


~ 6 


-16 


- 5 


- 2 


_ 2 






2 


Combined catalogue 


1807 


+ 15 


+ 14 


- 8 


- 10 


+ 10 


+ 19 


+ 4 


+ 10 




+ 19 






3 


Bessel II , . . . 


1S23 


+ 9 


+ 9 


+ 31 


+ 29 


+ 31 


+ 33 


+ iS 


+ 23 


+ 7 


+ 5 






4 


Striive . . . 






1S24 


_ 6 


- 6 


- 3 


-V I 


+ 27 


+ 34 


- 3 


+ 2 


- 29 


- 31 






5 


Argelander , 






1828 


- 3 


- 3 


+ ir 


+ 9 


- 17 


- 10 


- 17 


- 12 


+ 7 


+ 5 






6 


Pond and Airy 






1S30 


- 7 


- 7 


- 32 


-34 


- sg 


- 53 


+ 4 


+ 8 


- 2 


- 4 






^ 


Greenwich . . 






1839 


+ 23 


+ 23 


- 7 


- Q 


- 27 


-22 


- 4 





+ 10 


+ s 






8 


Greenwich . . 






1S45 


- 5 


- 5 


+ 5 


+ 3 


+ s 


+ 10 


- 13 


~ 10 


+ 2 









g 


Pulkowa . . 






1S45 


+ 7 


+ 7 


+ I 


- I 


- I 


4- 4 


- 4 


- I 


- 9 


- 11 






10 


Greenwich . . 






1B51 


+ 2 


+ 3 


+ 12 


+ g 


- 28 


-24 


- 2 


+ I 


+ 4 


+ 1 






II 


Greenwich . . 






1357 





+ I 


- 10 


- 13 


~ 19 


- 16 


-18 


- 16 


- Q 


~ 12 






12 


Paris . . , 






ia(i2 


- 5 


- 4 


- 3 


- 6 


+ 8 


+ II 


- 4 


- 2 


- I 


- 4 






13 


Greenwich . . 






1S64 


~ 7 


- 6 


- 4 


- 7 


+ 10 


+ 12 


- 18 


- 16 


+ 4 


+ I 






14 


Washinglon . 






186= 


+ 4 


+ S 


- 3 


- e 


~ 5 


- 3 


+ II 


+ 13 


+ 13 


+ 10 






15 


Greenwich . . 






i36t) 


- 8 


- 7 


+ 24 


+ 21 


+ to 


+ 12 


- 3 


- 2 


- 4 


- 7 






i6 


WashinglQn . 






1869 


-19 


- iS 


+ 7 


+ 4 


- 1 


- S 


+ 25 


+ 26 


+ 19 


+ 16 







There are still three of 'Maskelyne's fimdamental stars which it is desii-able, for 
the salce of completeness, to add, namely, a Anrigaj, a Cygni, and a Piscis Australis. 
Although these stars lie a httle outside the limits we have set, they are frequently used 
as clock-stars. The corrections to the positions of the Tabulje RegiomontanEe were 
obtained on the same general system with that adopted for the other stars. The 
tabular positions were corrected for the terms depending on the second and tliird 
powers of the time, as given in the following tables, and the catalogue-positions for 
systematic error given by the formuhe of the last section. From the differences 
the coiTGction proportional to the time was deduced.' 
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52 RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

Fi-om tlie residuals r we derive the following definitive coiTections to tlie i-ight 
Mcensions for 1 800 and to tlie annual variations of the first standard : 



Definitive corrections k 



of Tabulce Re^omontan 



Slar. 


aR. A, 


.^ 


Definitive corieclion. 


a Andromeda! . . 


+ 5 


+ 6 


- 7 


+ igo T 


+ oT 


+ 14 T^ 




y Pegasi . . 




+ - 8 


- 36 


H-34 


-164 


- b 


+ 10 




«. Arietis . 









- II 


- 3 


+ I4& 


- 6 


+ 7 




a Ceti. . 






- 5 


+ 17 


+28 


+ 93 


- 6 


+ 2 




a Tauri . 






+ ri 


+ 8 


+ 8 


+ 98 


-12 


- 




Auriga 










- 2 


+ 26 


~3i 


-34 




^ Ononis. 






- 3 


+ I 


-hsB 


+ 28 


-12 


- 2 




/i Tauri . 






+ 6 


+ 9 


+ 72 


-156 


-14 


-16 




a Orionis. 






+ I 


+ 3 


+ 25 


- 7 


- 4 


- 7 




a Canis Majoris 








-I-155 


+ 25 


-53 


- 2 + 


P 


c Canis Minods 








- IS 


+ S 


-3S 


- 3 + 


P 


^ Geminorum 




4- 2 


- 4 


-18 


-1-227 


+ 2 


-ir 




a Hydne . . 




+ 3 


~ 10 


-17 


-|-26(-. 


- 4 


^- 4- 




a Leonis . 






+ (> 


- t 


-23 


+ 215 


-ro 


+ & 




^ Leonis . 






_ 7 


+ 7 


- 7 


+ 200 


+ I 


+ 10 




a Virginis 






- I 


- 19 


-17 


+ 48 


- 4 


+ s 




«■ Bootis . 






-H 2 


- 7 


- 5 


+ g2 


+41 


+ 7 




<& LibtK . 






+ 4 


+ 6 


+84 


-235 


- 6 


+ 3 




a Coronre 






+ 8 


- 17 


- 4 


+ 135 


_ 6 


+ 3 




a Serpentis 






+ 3 


- S 


+ SO 


-141 


-10 


-1- I 




a Scorpii . 






- 10 


+ 15 


+ 31 


-116 


-10 


- 9 




<i Heiculis 






+ 2 


+ 3 


- 3 


+ 69 


-.8 


- 2 




a Ophiuclii 






+ 3 


+ 10 


-24 


+360 


- 3 


- 2 




™ Lyra , 









- 4 


+ 2 


+ 83 


-26 


- I 




7 AquiiK.. 






+ 3 


- 3 


+ 71 


-ig7 


-10 


- I 




a AquilsE. 






■b I 


- 3 


-h 8 


+ 32 


-20 


- I 




/? Aquil^. 






+ 2 


+ 1 


+41 


-215 


+ 5 


- I 




a' Capricorn i 






- 10 


H- 13 


-16 


" + 6 


-13 


- 3 




a Cygni . 










-32 


+ 184 


-17 


+ 3 




« Aquarii. 






- 7 


-1- a 


-41 


+ 173 


- 7 


+ 6 




(1 Piscis Austr.alis . 






-5" 


-152 


- 6 


+ 11 




a Pegasi. . . . 


+ I 


+ 3 


+ 10 


+ 21 


-4 


+ 9 





In the above table P signifies the periodic part of Auwers' coiTection, whicli is 
more convenient to use than q. 

The following table gives the definitive right ascensions for every five years from 
1750 to 1900. 

I conceive that the mean error of 'tliese right ascensions, after correction for 
eqiiinox, will not exceed o^oIO at any time during tlie nineteenth century. 
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Mean right ascensions for heginning of each fifth Besselian fictitioits year, 1 750-1850. 





a Andeomed,^. 


y Pegasi. 














K. A. 


Ann. Yar. 


E. A. 


Ann. Var. 




It. m. s. 


s. 


7.. m. s. 


s. 


1750 


23 55 31 


079 


3 


0665 


23 


520 


3 


0702 


175s 


46 


413 


3 


0674 


38 


872 


3 


0707 


1760 


23 5') I 


752 


3 


0683 


54 


227 


3 


0712 


1765 


'7 


095 


3 


0691 


1 9 


584 


3 


0716 


1770 


32 


443 


3 


0700 


24 


943 


3 


0721 


1775 


47 


795 


3 


0709 


40 


305 


3 


0726 


1780 


23 57 3 


151 


3 


0717 


55 


669 


3 


0730 


'785 


18 


512 


3 


0726 


2 II 


035 


3 


0735 


1790 


33 


876 


3 


0735 


26 


404 


3 


0740 


179s 


49 


246 


3 


0744 


41 


775 


3 


0745 


1800 


23 58 4 


620 


3 


0753 


57 


148 


3 


0749 


1805 


19 


998 


3 


0761 


3 12 


524 


3 


0754 


I8I0 


35 


381 


3 


0770 


27 


902 


3 


0759 


I8I5 


50 


768 


3 


0779 


43 


283 


3 


0764 


1820 


23 59 6 


160 


3 


0788 


58 


666 


3 


0769 


182s 


21 


556 


3 


0797 


4 14 


052 


3 


0774 


1830 


36 


95'5 


3 


0806 


29 


440 


3 


0778 


1835 


52 


361 


3 


0815 


44 


8^0 


3 


0783 


1840 


007 


771 


3 


0824 


050 


223 


3 


0788 


184s 


23 


185 


3 


0833 


!5 


618 


3 


0793 


1850 


38 


603 


3 


0842 


31 


016 


3 


0798 


i8ss 


54 


026 


3 


0851 


46 


416 


3 


0803 


i860 


I 9 


454 


3 


0860 


6 I 


819 


3 


0808 


1865 


24 


886 


3 


0869 


^7 


224 


3 


0813 


1870 


40 


323 


3 


0879 


32 


632 


3 


0818 


1875 


55 


764 


3 


0888 


48 


042 


3 


0823 


1880 


211 


210 


3 


0897 


073 


455 


3 


0828 


1885 


26 


661 


3 


0906 


18 


870 


3 


0833 


1890 


42 


116 


3 


09'S 


34 


288 


3 


0838 


1895 


57 


575 


3 


0925 


49 


708 


3 


0843 


1900 


0313 


040 


3 


0934 


085 


131 


3 


0848 



Hosted by 



Google 



RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

Mean right ascensions, itc. — 'Contintied. 





a Aeietis. 


a Ceti 




Year. 










K. A. 


Ann. Var. 


E. A. 


Ann. Var. 




It. m. s. 


s. 


h. m. s. 


8. 


■7SO 


I 53 8 


3<i5 


3 


3430 


2 49 14 


423 


3 


1170 


'755 


25 


083 


3 


3440 


30 


009 


3 


1175 


1760 


41 


805 


3 


3450 


45 


598 


3 


1 1 79 


1765 


58 


533 


3 


3460 


2 so I 


189 


3 


1 184 


1770 


I 54 "5 


266 


3 


3470 


16 


782 


3 


1 189 


1775 


32 


003 


3 


3480 


32 


377 


3 


1 194 


1780 


48 


746 


3 


3490 


47 


975 


3 


1 198 


1785 


' 55 5 


493 


3 


3500 


2 S> 3 


576 


3 


1203 


1790 


22 


245 


3 


3510 


19 


179 


3 


1208 


1795 


39 


003 


3 


3520 


34 


784 


3 


1213 


1800 


55 


765 


3 


3530 


50 


391 


3 


1218 


1805 


I 56 12 


533 


3 


3540 


2 52 6 


001 


3 


1232 


1810 


29 


305 


3 


3S50 


21 


614 


3 


1227 


1815 


46 


082 


3 


3560 


37 


228 


3 


1232 


1820 


I 57 2 


865 


3 


3570 


52 


846 


3 


1237 


1825 


19 


652 


3 


3580 


2 53 8 


465 


3 


1242 


1830 


36 


445 


3 


3590 


24 


087 


3 


1246 


1835 


53 


242 


3 


3600 


39 


712 


3 


I251 


1840 


I 58 10 


045 


3 


3610 


55 


338 


3 


1256 


1845 


26 


852 


3 


3620 


2 54 10 


968 


3 


I261 


1850 


43 


665 


3 


3630 


26 


599 


3 


1266 


1855 


I 59 


482 


3 


3640 


42 


233 


3 


I271 


i860 


17 


305 


3 


3650 


57 


870 


3 


1275 


1865 


34 


133 


3 


36S1 


2 55 13 


509 


3 


1280 


1870 


50 


966 


3 


3671 


29 


150 


3 


I2&5 


1875 


2 7 


803 


3 


3681 


44 


794 


3 


1290 


1880 


24 


646 


3 


3691 


2 56 


440 


3 


129s 


1885 


41 


494 


3 


3701 


16 


088 


3 


1300 


1890 


58 


347 


3 


37" 


31 


739 


3 


1304 


1895 


2 I 15 


206 


3 


3721 


47 


393 


3 


1309 


1900 


32 


069 


3 


3732 


2 57 3 


049 


■5 


1314 



Hosted by 



Google 



DEFINITIVE RIGHT ASCENSIONS OF THE FUNDAMENTAL STARS. 

Mean right ascensions, Sc. — Continued. 





a TAnBj. 


a AuRIGiE. 1 


Year 












E, A. 


Aim. Var. 


K. A. 


Ann. Var. 




li. m. s. 


s. 


li, m. s. 


s. 


'75° 


4 21 36-293 


3 


4227 


' 4 58 15 


977 


4 


4004 


I75S 


53-408 


3 


4232 


37 


981 


4 


4014 


1760 


4 22 10.526 


3 


4238 


59 


990 


4 


4023 


1765 


27. 646 


3 


4243 


4 59 22 


004 


4 


4032 


1770 


44- 769 


3 


4248 


44 


023 


4 


4042 


1775 


4 23 1-894 


3 


4254 


506 


046 


4 


4051 


1780 


ig.022 


3 


4259 


28 


073 


4 


4060 


1785 


36.153 


3 


4265 


50 


106 


4 


4069 ■ 


1790 


53-286 


3 


4270 


5 I 12 


142 


4 


4078 


1795 


4 24 10.423 


3 


4275 


34 


184 


4 


4087 


1800 


27.562 


3 


4281 


56 


230 


4 


4096 


1805 


44- 704 


3 


4286 


5 2 18 


280 


4 


4105 


1810 


4 25 1-848 


3 


4291 


40 


335 


4 


4114 


1815 


18.995 


3 


4296 


5 3 2 


394 


4 


4122 


1820 


36. 144 


3 


4302 


24 


457 


4 


413' 


1825 


53-297 


3 


4307 


46 


525 


4 


4140 


1830 


4 26 10.452 


3 


4312 


5 4 .8 


597 


4 


4148 


183s 


27. 609 


3 


4318 


30 


673 


4 


4157 


1840 


44- 769 


3 


4323 


52 


754 


4 


4165 


184s 


4 27 1.932 


3 


4328 


'5 5 14 


839 


4 


4174 


1850 


19.097 


3 


4333 


36 


928 


■ 4 


4182 


1855 


36.265 


3 


4339 


59 


022 


4 


4190 


i860 


53-436 


3 


4344 


5 6 21 


119 


4 


4199 


1865 


4 28 10.609 


3 


4349 


43 


221 


4 


4207 


r87o 


27.785 


3 


4354 


5 7 5 


326- 


4 


4215 


187s 


44-963 


3 


4359 


27 


436 


4 


4223 


1880 


4 29 2. 144 


3 


4364 


49 


550 


4 


4232 


1885 


19.327 


3 


4370 


5 8 II 


668 


4 


4240 


1890 


36.514 


3 


4375 


33 


790 


4 


4248 


1895 


53- 702 


3 


4380 


55 


916 


4 


4256 


1900 


4 30 10. 894 


3.4385 


5 9 18 


045 


4 


4264 



Hosted by 



Google 



RIGHT ASCENSIONS OF FUNDAMENTAL STAR«. 

Mean right ascensions^ (&c. — Contiimod. 





/? OlilONIS. 


jS Tauri. 














K. A. 


Ann. Var. 


B. A. 


AiiQ. Var. 




1l m. s. 


s. 


h m. s. 


6'. 


1750 


5 2 32 


084 


2 


8757 


5 10 30 


599 


3 


7775 


1 755 


46 


463 


2 


8759 


49 


488 


3 


7779 


1760 


5 3 


S43 


2 


8761 


5 » 8 


378 


3 


7784 


1765 


'5 


224 


2 


8763 


27 


272 


3 


7788 


1770 


29 


606 


2 


8765 


46 


167 


3 


7793 


1775 


43 


989 


2 


8767 


5 12 5 


064 


3 


7797 


1780 


58 


373 


2 


8769 


23 


964 


3 


7802 


■785 


5 4 12 


758 


2 


877. 


42 


866 


3 


7806 


1790 


27 


144 


2 


8773 


5 '3 I 


770 


3 


781 1 


1795 


41 


531 


2 


S775 


20 


677 


3 


7815 


1800 


55 


919 


2 


8777 


39 


585 


3 


7819 


1805 


5 5 10 


309 


2 


8779 


58 


496 


3 


7824 


1810 


24 


699 


2 


8781 


5 14 17 


409 


3 


7828 


1815 


39 


090 


2 


8783 


36 


324 


3 


7832 


1820 


53 


482 


2 


8785 


55 


241 


3 


7836 


182s 


5 6 7 


875 


2 


8787 


5 15 14 


160 


3 


7840 


1830 


22 


269 


2 


8789 


33 


081 


3 


7845 


1835 


36 


665 


2 


8791 


52 


005 


3 


7849 


1840 


51 


061 


2 


8793 


5 16 10 


930 


3 


7S53 


1845 


5 7 5 


458 


2 


8795 


29 


858 


3 


7857 


1850 


19 


856 


2 


8797 


48 


787 


3 


7861 


1855 


34 


256 


2 


8799 


5 17 7 


719 


3 


7865 


i860 


48 


656 


2 


8801 


26 


652 


3 


7869 


1865 


5 8 3 


057 


2 


8803 


45 


588 


3 


7873 


1870 


17 


459 


2 


880s 


5 18 4 


526 


3 


7877 


187s 


31 


862 


2 


8807 


23 


465 


3 


7881 


r88o 


46 


267 


2 


8809 


42 


407 


3 


7885 


1885 


590 


672 


2 


881 1 


5 19 I 


350 


3 


7889 


1890 


■5 


078 


2 


8813 


20 


296 


3 


7893 


1895 


29 


4S5 


2 


8815 


39 


243 


3 


7897 


1900 


43 


893 


2 


8817 


58 


193 


3 


7901 



Hosted by 



Google 



DEFINITIVE RIGHT ASCENSIONS OF THE FUNDAMENTAL STAKS. 

Mean right ascensions, dc. — Continued. 



II p. ()3, are to be applied to tlipso po.^Ltioiia ol' n Cuiii 





a Orioni 




a Canis MA.10RIS.* j 


Year. 












E. A. 


Ann. Var. 


R. A. 


Ann. Vav. 




k. m. s. 


.. 1 


h. m. s. 


1 


1750 


5 41 38. 


680 


3- 


2429 


6 34 7- 


882 


2. 


6446 


1755 


54- 


895 


3- 


2431 


21. 


JOS 


2. 


<i445 


1760 


5 42 II. 


1 1 1 


3- 


2432 


34 


327 


2. 


6445 


1765 


27 


327 


3 


2434 


47 


550 


2 


6445 


1770 


43 


545 


3 


2435 


6 35 


772 


2 


6444 


1775 


59 


763 


3 


2437 


13 


994 


2 


6444 


lySo 


S 43 IS 


982 


3 


2439 


27 


216 


2 


6444 


1785 


32 


201 


3 


2440 


40 


438 


2 


6444 


1790 


48 


422 


3 


2442 


53 


660 


2 


6443 


1795 


5 44 4 


1543 


3 


2443 


6 36 6 


881 


2 


6443 


1800 


20 


865 


3 


2445 


20 


102 


2 


<^443 


1 80s 


37 


088 


3 


2446 


33 


324 




6442 


1810 


53 


311 


3 


2448 


46 


545 




6442 


1815- 


■ 5 45 9 


535 


3 


2449 


59 


766 


2 


6442 


1820 


25 


760 


3 


2451 


6 37 12 


986 


2 


644.1 


!825 


41 


986 


3 


2452 


26 


2oy 


2 


6441 


1830 


58 


212 


3 


2454 


39 


427 


2 


6441 


1835 


5 46 14 


439 


3 


2455 


52 


647 


2 


6440 


1840 


30 


667 


3 


2456 


6 38 5 


867 


2 


6440 


■84s 


46 


896 


3 


2458 


19 


087 


2 


6440 


1850 


5 47 3 


125 


3 


2459 


32 


307 


2 


6439 


■ 855 


19 


355 


3 


2461 


45 


527 


2 


6439 


i860 


35 


586 


3 


2462 


58 


746 


2 


6439 


1865 


51 


817 


3 


2464 


6 39 II 


965 


2 


6438 


1870 


,5 48 8 


050 


3 


2465 


25 


184 


2 


6438 


>875 


=^4 


282 


3 


2466 


38 


403 


2 


6437 


1880 


40 


.516 


3 


2468 


51 


622 


2 


6437 


1885 


56 


•750 


3 


.2469 


6 40 4 


.840 


2 


.6437 


1890 


5 49 12 


■ 985 


3 


.2470 


18 


.058 


2 


.6436 


1895 


29 


. 220 


3 


■2472 


31 


.276 


2 


.6436 


1900 


45 

i 


■457 


3 


■ 2473 


44 


.494 




■ '^43^ 



Hosted by 



Google 



RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

Mean right ascensions, do. — Continued. 





a Cahis Misoris.* 


j3 Geminoeum, I 


Year. 










K. A. 


Ann. Var. 


E. A. 


Ann. Vai', 




h. m. s. 


s. 


h. m. s. 


, 


1750 


7 26 12 


027 


3 


1507 


7 29 58 


793 


3.6964 


1755 


27 


780 


3 


1505 


7 30 17 


274 


3-6958 


■ 1760 


43 


532 


3 


1502 


35 


7SI 


3- 6952 


1765 


59 


282 


3 


1499 


54 


225 


3.6946 


1770 


7 27 >5 


031 


3 


1497 


7 31 12 


697 


3.6940 


1775 


30 


779 


3 


1494 


31 


165 


3 '6934 


1780 


46 


52s 


3 


1492 


49 


631 


3.6928 


1785 


7 28 2 


271 


3 


1489 


7 32 8 


093 


3.6922 


1790 


18 


015 


3 


1487 


■ 26 


553 


3.6916 


1795 


33 


757 


3 


1484 


45 


009 


3- 6910 


1800 


49 


499 


3 


.482 


7 33 3 


462 


3.6904 


1 80s 


7 29 5 


239 


3 


1479 


21 


9'3 


3.6898 


1810 


20 


978 


3 


1476 


40 


360 


3.6892 


1815 


36 


715 


3 


1474 


58 


804 


3- 6885 


1820 


52 


452 


3 


1471 


7 34 17 


246 


3.6879 


1825 


7 30 8 


187 


3 


1469 


35 


684 


3-6873 


. 1830 


23 


920 


3 


1466 


54 


119 


3.6867 


183 s 


39 


653 


3 


1463 


7 35 12 


551 


3.6861 


1840 


55 


384 


3 


1461 


30 


980 


3-6855 


1845 


7 31 II 


113 


3 


1458 


49 


405 


3.6848 


1850 


26 


S42 


3 


1456 


7 36 7 


828 


3.6842 


1855 


42 


569 


3 


1453 


26 


248 


3-6836 


i860 


58 


295 


3 


1450 


44 


664 


3-6829 


1865 


7 32 14 


019 


3 


1448 


7 37 3 


077 


3-6823 


1870 


■ 29 


742 


3 


1445 


21 


487 


3.6817 


1875 


45 


464 


3 


1442 


39 


894 


3.6810 


1880 


7 33 I 


185 


3 


1440 


58 


298 . 


3. 6804 


1885 


16 


904 


3 


1437 


7 38 16 


699 


3.6798 


1890 


32 


622 


3 


1434 


35 


097 


3-6791 


1895 


48 


338 


3 


1432 


53 


491 


3-6785 


1900 


7 34 4 


053 


3 


1429 


7 39 11 


882 


3-6778 



* Tlie eorvectioitia, P, t 



10 positions of a Ciiiiia Minor 



Hosted by 



Google 



DEFINITIVS RIGHT ASCENSIONS UF THE FUNDAMENTAL STARS, 

Mean right ascensions, (Be. — Continued. 





a Hydr.^. 


« Leonis. ! 


Year. 












H. A. 


An 


ii.Ya.-. 


R. A. 


Ann. Var. 




II. III. .s. 


.9. 


It. m. s. 


s. 


>75o 


9 15 17 


906 


T 


9512 


9 55 I 


762 


3 


2148 


■755 


32 


662 


2 


9512 


17 


835 


3 


2143 


1760 


47 


418 


2 


9511 


33 


905 


3 


2138 


1765 


9 ]6 2 


173 ■ 


2 


9510 


49 


973 


3 


2133 


1770 


16 


928 


2 


9509 


.9 56 6 


038 


3 


2128 


1775 


31 


682 


2 


9508 


22 


100 


3 


2122 


1780 


46 


43<5 


2 


9507 


38 


160 


3 


2117 


1785 " 


9 17 I 


190 


2 


9507 


54 


217 


3 


21 12 


1790 


15 


943 


2 


9506 


9 57 10 


272 


3 


2107 


1795 


30 


695 


2 


9505 


26 


324 


3 


2T02 ■ 


1800 


45 


448 


2 


9504 


42 


373 


3 


2096 


1805 


9 18 


200 


2 


9503 


58 


420 


3 


2091 


1810 


14 


951 


2 


9503 


9 58 14 


465 


3 


2086 


,8,5 


29 


702 


2 


9502 


30 


507 


3 


2081 


1820 


44 


453 


2 


9501 


46 


546 


3 


2076 


1825 


59 


203 


2 


9500 


9 59 2 


582 


3 


2071 


1830 


9 19 13 


953 


2 


9500 


i8 


617 


3 


2066 


1835 


28 


703 


2 


9499 


34 


648 


3 


2061 


1840 


43 


452 


2 


9498 


50 


677 


3 


2056 


1845 


58 


201 


2 


9497 


1006 


704 


3 


2050 


1850 


9 20 12 


950 


2 


9497 


22 


728 


3 


2045 


1855 


27 


698 


2 


9496 


38 


749 


3 


2040 


i860 


42 


446 


2 


9495 


54 


768 


3 


2035 


1865 


57 


193 


2 


9495 


lo I 10 


784 


3 


2030 


1870 


9 21 II 


940 


2 


9494 


26 


798 


3 


2025 


.1875 


26 


687 


2 


9493 


42 


810 


3 


2920 


1880 


41 


433 


2 


9492 


58 


818 


3 


2015 


1885 


56 


179 


2 


9492 


10 2 14 


825 


3 


2010 


1890 


9 22 10 


925 


2 


9491 


30 


829 


3 


2005 


1895 


25 


670 


2 


9490 


46 


830 


3 


2000 


1900 


40 


416 


2 


9490 


10 3 2 


829 


3 


■995 



Hosted by 



Google 



RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

Mean right ascensions, dc. — Continued. 





/? Leonis. i 


a Virginia. 














R. A, 


Ann. Var. 


K. A. 


Ann. Var. 




I 
h. m. s. 




h. m. s. 


s. 


1750 


11 36 17. 


250 


3- 


0745 


13 12 3-448 


3-138. 


1755 


32- 


622 


3. 


0741 


19. 140 


3- 1386 


1760 


47 


992 


3 


0737 


34-834 


3- 1392 


176s 


II 37 .-i 


360 


3 


0733 


50-531 


3-1397 


1770 


18 


725 


3 


0729 


13 13 6.231 


3- 1403 


1775 


34 


089 


3 


0725 


21-934 


3- 1408 


1780 


49- 


451 


3 


0722 


37-639 


3-1414 


1785 


II 38 4 


811 


3 


0718 


53-348 


3.1419 ! 


1790 


20 


169 


3 


0714 


13 14 9-059 


3-1425 ! 


1795 


35 


525 


3 


0710 


24.772 


3- 1430 


1800 


50 


879 


3 


0706 


40.489 


3- 1436 


1805 


II 39 6 


231 


3 


0702 


56. 208 


3-1441 


I8I0 


21 


581 


3 


0699 


13 15 11-930 


3-1447 


18.5 


36 


929 


3 


0695 


27-655 


3- 1452 


1820 


52 


276 


3 


0691 


43-382 


3-1458 


1825 


II 40 7 


620 


3 


0687 


59-113 


3- 1464 


1830 


22 


963 


3 


0683 


13 16 14.846 


3- 1469 


IS35 


38 


304 


3 


0680 


30. 582 


3- 1475 


1840 


53 


642 


3 


0676 


46.321 


3.1481 


J 845 


11 41 8 


980 


3 


0672 


13 17 2.063 


3. i486 


1850 


■24 


315 


3 


0669 


17.807 


3- 1492 


1855 


39 


648 


3 


0665 


33-555 


3-1498 


i860 


■ 54 


980 


3 


0661 


49-305 


3-1503 


1865 


11 42 10 


309 


3 


0658 


13 18 5-0^8 


3- 1509 


1870 


25 


637 


3 


0654 


2o.'Ki4 


3-1515 


1875 


40 


963 


3 


0650 


36-573 


3-1520 


.1880 ■ 


56 


288 


3 


0647 


52-334 


3- 1526 


1885 


! II 43 II 


610 


3 


0643 


13 19 8.099 


3-1532 


1890 


: 26 


931 


3 


0640 


23.866 


3-1538 


1895 


42 


. 250 


3 


0636 


39-637 


3- 1544 


1900 


57 


.5«7 


3 


.0633 


55-410 


3- 1549 



Hosted by 



Google 



DEFINITIVE RIGHT ASCENSIONS OF THE FUNDAMENTAL STARS, 

Mean right ascensions, dc. — Coiitiuued. 





a BooTIS. 


a" LiBEjj;. ! 


Year. 












E. A. 


Ami. Var. 


K. A 





Ann. Var. 




*, in. s. 


s. 


h. u. 


, 


1750 


14 4 15 


978 


2 


7320 


14 37 5 


726 


3 


2881 


1755 


29 


638 


2 


7321 


22 


168 


3 


2888 


1760 


43 


299 


2 


7322 


38 


614 


3 


2S96 


1765 


56 


960 


2 


7323 


55 


064 


3 


2904 


1770 


14 5 10 


622 


2 


7324 


14 38 II 


518 


3 


2911 


1775 


24 


284 


2 


7325 


27 


976 


3 


2919 


1780 


37 


946 


2 


7326 


44 


437 


3 


2927 


1785 


51 


609 


2 


7327 


14 39 


go2 


3 


2934 


1790 


14 6 5 


273 


2 


7328 


17 


371 


3 


2942 


1795 


18 


937 


2 


7329' 


j3 


844 


3 


2950 


1800 


32 


601 


2 


7330 


50 


321 


3 


2957 


1805 


46 


266 


2 


7331 


14 40 6 


802 


3 


2965 


1810 


59 


932 


2 


7332 


23 


286 


3 


2973 


1815 


14 7 13 


598 


2 


7333 


39 


775 


3 


2980 


1820 


27 


265 


2 


7334 


56 


267 


3 


2988 


1825 


40 


932 


2 


7335 


14 41 12 


763 


3 


2996 - 


1830 


54 


599 


2 


7336 


29 


263 


3 


3004 


1835 


14 8 8 


267 


2 


7337 


45 


766 


3 


301 1 


1840 


21 


936 


2 


7338 


14 42 2 


274 


3 


3019 


1845 


35 


605 


2 


7339 


18 


78s 


3 


3026 


1850 


49 


275 


2 


7340 


35 


301 


3 


3034 


1855 


14 9 2 


945 


2 


7341 


51 


820 




3042 


i860 


16 


616 


2 


7342 


14 43 8 


343 


3 


3050 


1865 


30 


288 


2 


7344 


24 


870 


3 


3058 


1870 


43 


960 


2 


7345 


41 


401 


3 


3065 


1875 


57 


633 


2 


7346 


57 


935 


3 


3073 


1880 


14 10 IT 


306 


2 


7347 


14 44 14 


474 


3 


3081 


1885 


24 


980 


2 


7348 


31 


016 


3 


3089 


1890 


38 


654 


2 


7350 


47 


562 


3 


3096 


1895 


52 


329 


2 


7351 


H 45 4 


113 


3 


3104 


1900 


14 II 6 


005 


2 


7352 


20 


667 


3 


3112 



Hosted by 



Google 



RIGHT ASCENSIONS OF FUNDAMENTAL STARS. 

Mean right ascensions, dc. — Continued. 





a CORONJL. 


a Serpentis. 


Year. 










K. A. 


An 


n. Vai'. 


R. A. 


Ann. Var. 


fi. m. s. 




h. m. s. 


^ 


1750 


15 24 6 


587 


2 


5360 


15 31 58 


355 


2 


9431 


• 
1755 


19 


267 


2 


5361 


15 32 13 


071 


2 


9434 


1760 


31 


948 


2 


5363 


27 


789 


2 


9437 


1765 


44 


630 


2 


5364 


42 


508 


2 


9440 


1770 


57 


312 


2 


5365 


57 


229 


2 


9443 1 


1775 


15 25 9 


994 


2 


5366 


IS 33 II 


952 


2 


9446 


1780 


22 


678 


2 


53^7 


26 


675 


2 


9449 


1785 


35 


362 


2 


5368 


41 


401 


2 


9452 


1790 


48 


046 


2 


5369 


56 


128 


2 


9455 


1795 


15 26 


73 > 


2 


5370 


IS 34 10 


856 


2 


9458 


1800 


13 


416 


2 


5372 


25 


586 


2 


9462 


1805 


26 


102 


2 


5373 


40 


318 


2 


9465 


1810 


38 


789 


2 


,5374 


55 


051 


2 


9468 


1815 


SI 


476 


2 


5375 


15 35 9 


78s 


2 


9471 


1820 


IS 27 4 


164 


2 


5376 


24 


521 


2 


9474 


1825 


16 


852 


2 


5377 


39 


259 


2 


9477 


1830 


29 


541 


2 


5378 


63 


998 


2 


9480 


■835 


42 


231 


2 


5380 


15 36 8 


739 


2 


9483 


1840 


54 


921 


2 


5381 


23 


481 


2 


9486 


■845 


15 28 7 


612 


2 


5382 


1 38 


22s 


2 


9489 


1850 


20 


303 


2 


5383 


52 


970 


2 


9492 


185s 


32 


995 




5384 


15 37 7 


717 


2 


9495 


i860 


45 


687 


2 


5386 


22 


46s 


2 


9498 


1865 


58 


380 


2 


5387 


37 


215 


2 


9501 


1870 


15 29 II 


074 


2 


5388 


SI 


966 


2 


9504 


1875 


23 


768 


2 


5389 


i 15 38 6 


719 


2 


9507 


1880 


36 


463 


2 


5390 


21 


473 


2 


9510 


1885 


49 


159 


2 


5392 


36 


229 


2 


9513 


1890 


15 30 I 


855 


2 


5393 


50 


987 


2 


9516 


'895 


.4 


552 


2 


5394 


IS 39 5 


746 


2 


9520 


1900 


27 


249 


2 


5395 


20 


506 


2 


9523 



Hosted by 



Google 



DEFINITIVE RIGHT ASCENSIONS OF THE FUNDAMENTAL STARS. 

Mean right ascensions, <&c. — Contimted. 





a ScOEPll. 


a Herculis. 


Year. 










E. A. 


Ann. Val-. 


E. A. 


Ann. Vai'. 




h. m. s. 


^ 


//. m. s. 


s. 


1750 


16 14 7 


423 


3 


6487 


17 3 15 


554 


2 


7286 


1755 


25 


669 


3 


6495 


29 


198 


2 


7288 


1760 


43 


918 


3 


6503 


42 


842 


2 


7290 


1765 


.6 ,5 2 


172 


3 


65 II 


56 


487 


2 


7291 


1770 


20 


429 


3 


6519 


17 4 10 


133 


2 


7293 


177s 


38 


690 


3 


6527 


23 


780 


2 


7295 


1780 


56 


956 


3 


6534 


37 


428 


2 


7297 


1785 


16 i5 15 


225 


3 


6542 


51 


077 


2 


7299 


1790 


33 


498 


3 


6550 


1754 


727 


2 


7300 


J 795 


51 


775 


3 


6558 


18 


378 


2 


7302 


1800 


16 17 10 


056 


3 


6566 


32 


029 


2 


7304 


1805 


28 


341 


3 


6573 


45 


681 


2 


7306 


1810 


46 


629 


3 


6581 


59 


335 


2 


7307 


1815 


16 18 4 


922 


3 


6589 


17 6 12 


989 


2 


7309 


1820 


23 


218 


3 


6596 


26 


644 


2 


7311 


1825 


41 


518 


3 


6604 


40 


300 


2 


73'3 


1830 


59 


822 . 


3 


6612 


53 


956 


2 


7314 


1835 


16 19 18 


130 


3 


66ig 


17 7 7 


614 


2 


7316 


1840 


36 


442 


3 


6627 


21 


273 


2 


7318 


184s 


54 


757 


3 


'5'53S 


34 


932 


2 


7320 


1850 


j6 20 13 


076 


3 


6642 


48 


592 


2 


7321 


■855 


31 


399 


3 


5650 


1782 


253 


2 


7323 


1860 


49 


726 


3 


6657 


15 


915 


2 


7325 


1865 


16 21 8 


057 


3 


6665 


29 


578 


2 


7327 


J870 


26 


391 


3 


6673 


43 


242 


2 


7328 


i«75 


44 


730 


3 


6680 


56 


906 


2 


7330 


1880 


16 22 3 


072 


3 


6688 


17 9 10 


572 


2 


7332 


1885 


21 


417 


3 


6695 


24 


238 


2 


7333 


1890 


39 


767 


3 


6703 


37 


905 


2 


7335 


1895 


58 


120 


3 


6710 


SI 


573 




7337 


1900 


16 23 j6 


477 


3 


6718 


17 10 5 


242 


2 


7339 



Hosted by 



Google 



Right ascensions of fundamental stars. 
Mean right ascensions, d:c. — Continued. 





a OpHIUCIII. 


a Ltiw.' 




Year. 




I 








R. A. 


Aim. Var. 


E. A. 


Ann. Vav. 




}i. m. s. 1 


^ 


h. m. s. 


^ 


1750 


17 23 20. 


430 


2.7781 


18 28 28.585 


2.0298 


1755 


34. 


320 


2.7783 


38.734 


2.0299 


1760 


48. 


212 


2.7784 


48.883 


2.0299 


1765 


17 24 2. 


105 


2.7786 1 


59.033 


2.0300 


1770 


IS- 


998 


2.7788 


18 29 9. 183 


2.0300 


177s 


29 


893 


2.7790 


19.334 


2,030! 


1780 


43 


788 


2.7791 


29.484 


2.0301 


1785 


57 


684 


2.7793 


39.635 


2.0302 


1790 


17 25 ir 


581 


3- 7795 


49. 786 


2 . 0303 


1795 


25 


479 


2. 7797 


59.938 


2.0303 


1 800 


39 


377 


2.7798 


18 30 10.089 


2 . 0304 


1 80s 


53 


277 


2.7800 


20. 241 


2.0304 


1810 


17 26 7 


177 


2.7802 


30. 394 


2.0305 


,8,5 


21 


079 


2.7803 


40. 54(5 


2,0305 


1820 


34 


981 


2.7805- 


50.699- 


2.0306 


1825 


48 


884 


2.7807 


18 31 0.852 


2.0306 


1830 


17 27 2 


788 


2. 7809 


11.005 


2.0307 


1835 


16 


692 


2.7810 


21. 159 


2.0307 


1840 


30 


598 


2.7812 


31.313 


2.0308 


1845 


■ 44 


504 


2.7814 


41.467 


2.0308 


1850 


58 


411 


2.7815 


51.621 


2 . 0309 


1855 


17 28 12 


319 


2.7817 


18 32 1.776 


2.0310 


i860 


26 


228 


2.7819 


11.931 


2.0310 


1865 


40 


.138 


2.7820 


22.086 


2 . 03 1 1 


1870 


54 


.049 


2.7822 


32.241 


2. 03 1 1 


187s 


17 29 7 


. 960 


2.7824 


42.397 


2.0312 


1880 


2 1 


.872 


2.7825 


52-553 


2.0312 


188s 


35 


.785 


2.7827 


18 33 2-709 


2.0313 


1890 


49 


.699 


2.7829 


12.865 


2.0313 


1895 


17 30 3 


.614 


2.7830 


23.022 


2.0314 


1900 


.7 


.530 


2.7832 


33-179 


, 2-0314 



Hosted by 



Google 



DEFINITIVE RIGHT ASCENSIONS OF THE FUNDAMENTAL STARS. 

Mean right ascensions, dc. — Continued. 





y Aquil^. 


a Aquilje. 




Year. 










K. A. 


Ann. Var. 


B. A. Ann. Var. 




Ji. m. s. 


s. 


h. m. s. 


s. 


1750 


19 34 22 


■396 


2.8536 


19 38 34 


-939 2 


.9302 


1755 


36 


.664 


2.8536 


49 


-59P 2 


-9301 


1760 


50 


•932 


2.8535 


19 39 4 


. 240 2 


- 9300 


1765 


19 35 5 


. 200 


2-8535 


18 


.890 2 


-9299 


1770 


19 


467 


2-8534 


33 


-539 2 


. 9298 


J 775 


33 


734 


2-8534 


48 


188 2 


.9297 


1780 


48 


001 


2-8534 


19 40 2 


836 2 


.9296 


<785 


19 36 2 


268 


2-8533 


17 


484 2 


-9295 


1790 


16 


534 


2-8533 


32 


132 2 


-9295 


1795 


30 


800 


2-8532 


46 


779 2 


-9294 


1800 


45 


066 


2-.8532 


19 41 I 


425 2 


9293 


1805 


59 


332 


2-8531 


16 


071 2 


9292 


1810 


19 37 13 


597 


2-8531 


30 


717 2 


9291 


1815 


27 


863 


2-8530 


45 


362 


9290 


1820 


42 


128 


2-8530 


19 42 


007 2 


9289 


182s 


56 


392 


2-8529 


14 


652 2 


92S8 


1830 


19 38 ro 


657 


2.8529 


29 


296 2 


9287 


1835 


24 


921 


2.8528 


43 


939 2 


9286 


1840 


39 


185 


2.8528 


5** 


582 


9286 


1845 


53 


448 


2.8527 


19 43 13 


225 2 


9285 


1850 


19 39 7 


712 


2-8527 


27 


867 -2 


9284 


1855 


21 


975 


2.8526 


42 


508 2 


9283 


i860 


36 


238 


2.8526 


57 


150 2 


9282 


1865 


50 


500 


2-'8525 


19 44 ir 


790 2 


9281 


1870 


19 40 4 


763 


2-8524 


26 


430 2 


9280 


1875 


19 


02s 


2-8524 


4' 


070 2 


9279 


1880 


33 


287 


2-8523 


55 


710 2 


9278 


1885 


47 


54S 


2-8523 


19 45 10 


349 2 


9277 


1890 


19 41 I 


810 


2.8522 


24 


987 


9276 


1895 


16 


071 


2.8522 


39 


625 2 


9275 


1900 


30 


331 


2.8521 


54. 


262 2. 


9274 



Hosted by 



Google 



RIGHT ASCENSIONS OF FUNDAMENTAL STARS, 

Mean right ascemions, cCc— Continued. 



Year. 


p Aquil^. 


a^ CArRlCOENI. 


E. A, 


Ann. Vsir- 


E. A. 


Ann. Vav. 




/(. «?.. s. 




h. m. s. 


s. 


1750 


19 43 1-874 


2 


9490 


20 4 9 


754 




3439 


1755 


16.619 


2 


9490 


26 


473 




3435 


1760 


31.364 


2 


9489 


43 


189- 




3431 


1765 


46. 108 


2 


9488 


39 


902 




3426 


1770 


19 44 0.852 


2 


9488 


20 516 


614 




3422 


1775 


15-595 


2 


9487 


33 


324 




3418 


1780 


30-339 


2 


9486 


50 


032 




3414 


1785 


45.082 


2 


9486 


20 6 6 


738 




3410 


1790 


59.824 


2 


9485 . 


23 


442 




3406 


1795 


19 45 14-567 


2 


9484 


40 


144 




3402 


iSoo 


29.308' 




9483 


56 


844 




3397 


1805 


44.050 


2 


9483 


20 7 13 


542 




3393 


1810 


58-791 


2 


9482 


30 


237 




3389 


1815 


19 46 13-532 


2 


9481 


46 


931 




3385 


1820 


28.273 


2 


9481 


20 8 3 


622 




3381 


1825 


43-013 


2 


9480 


20 


311 




3376 


1830 


57-752 


2 


9479 


36 


999 




3372 


1835 


19 47 12.492 


2 


9479 


53 


684 


3 


3368 


1840 


27.231 


2 


9478 


20 9 10 


367 


3 


3364 


184s 


4T.970 


2 


9477 


27 


048 


3 


3360 


1850 


56.708 


2 


9476 


43 


726 


3 


3355 


185s 


T9 48 U.446 


2 


9476 


20 10 


403 


3 


3351 


i860 


26,184 


2 


9475 


■17 


078 


3 


3347 


1865 


40.921 


2 


9474 


33 


750 


3 


3343 


1870 


55-658 


2 


9473 


50 


421 


3 


3339 


1875 


19 49 10.394 


2 


9473 


20 II 7 


090 


3 


3334 


1880 


25- 131 


2 


9472 


23 


756 


3 


3330 


1885 


39-866 


2 


9471 


40 


420 


3 


3326 


1890 


54-602 


2 


9471 


57 


082 


3 


3322 


1895 


19 50 9-337 


2 


9470 


20 12 13 


742 


3 


3317 


1900 


24.072 


2 


9469 


30 


400 


3 


3313 



Hosted by 



Google 



DEFINITIVE RIGHT ASCENSIOxNS OF TIJE FUNDAMENTAL STARS. 

Mean right ascensions, «£'C.— Continued. 



67 





a Oygnt. 


a Aquaeii. 


Year. 












K. A. 


Ann. VfU'. 


E. A. 


Ann. Tar. 




h. m. s. 


s. 


ft. m. , s. 




1750 


20 32 54 


937 


2 


0414 


21 52 56 


049 


3 


0888 


1/55 


20 33 5 


144 


2 


0415 


21 53 II 


492 


3 


0886 


1760 


IS 


352 


2 


0416 


26 


935 


3 


0884 


J 765 


25 


561 


2 


0417 


42 


37<i 


3 


0881 


1770 


35 


770 


2 


0418 


57 


816 


3 


0879 


1775 


45 


979 




0419 


21 54 13 


255 


3 


0877 


1780 


56 


189 


2 


0420 


28 


693 


3 


0875 


1785 


20 34 6 


399 


2 


0421 


44 


130 


3 


0872 


1790 


16 


610 


2 


0422 


59 


565 


3 


0870 


■795 


26 


822 


2 


0423 


21 55 15 


000 


3 


0868 


1800 


37 


034 


2 


0424 


30 


433 


3 


0866 


1805 


47 


246 


2 


0425 


45 


865 


3 


0863 


1810 


57 


459 


2 


0426 


21 56 I 


296 


3 


0861 


1815 


20 35 7 


673 


2 


042S 


i5 


726 


3 


0859 


1820 


17 


887 


2 


0429 


32 


155 


3 


0857 


1825 


28 


lOI 


2 


0430 


47 


583 


3 


0855 


1830 


38 


316 


2 


0431 


21 57 3 


010 


3 


0852 


1835 


48 


532 


2 


0432 


18 


435 


3 


0850 


1840 


58 


748 


2 


0433 


33 


860 


3 


0848 


1845 


20 36 8 


965 


2 


0434 


49 


283 


3 


0846 


1850 


19 


182 


2 


0435 


21 58 4 


706 


3 


0844 


1855 


29 


399 


2 


0436 


20 


127 


3 


0842 


i860 


39 


618 


2 


0437 


35 


548 


3 


0840 


1865 


49 


836 


2 


0438 


50 


967 


3 


0838 


1870 


20 ^y 


056 


2 


0439 


21 59 6 


385 


3 
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RIGHT ASCENSIONS OF FUNDAMENTAL STARS, 

3iean right ascensions, (0c,— Contintiecl, 





a PiSGIUM AUSTRALTS. 


a Pbgasi. 1 


Year. 










' K. A. 


Ann. Var. 


E. A. 


Ann. Var. 




/(. m. s. 


s. 


h. m. s. 


s. 


■750 


22 43 46. 7TO 


3 


3551 


22 52 19 


531 


2 


9775 


1755 


22 44 3-483 


3 


3540 


34 


419 


2 


9778 


1760 


20. 250 


3 


3529 


49 


309 


2 


9780 


1765 


37.012 


3 


'3518 


22 53 4 
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2 
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53-768 


3 
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19 
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2 
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22 45 10.518 


3 
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33 
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2 


9788 
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27.264 


3 


3485 


48 


879 
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44.003 


3 


3474 
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3 


3463 


18 
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2 
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.795 
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33 


570 


2 
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3 


3441 


48 


470 


2 
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3 
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2 
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22 47 7.619 


3 


3419 


18 
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2 
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3 
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33 
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2 
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41.028 


3 


3397 


48 
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57-724 


3 


3387 
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17 
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32 


80s 


2 


9819 
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47 
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1845 


22 49 4.454 
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CORRECnONS FOR ORBITAL MOTION OF SIRIUS AND FROCYON, 

Periodic terms to he (qiplicd to the riyU ascensions ofSirim and Frocyon. 
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6 
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6 
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